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One of the contributing factors to pio- 
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urgency to see around the next corner. 
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engineering team to deliver 
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Prestressed concrete 
double tees standing on 
end provide imaginative 

new wall treatment 


r——*3 BARS AT 5 OC 


BARS AT 10" 0.6. 


IMTERIOR-WOODFLOaT 


Vian SPONGE RUBBER |-insSULATION 


TIES 
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HORIZONTAL SECTION 


Glass fibre insulation was sandwiched between layers of concrete in the ; 
crossbar of the double tee unit to provide an excellent thermal barrier. 


@ Double tee beams of prestressed 
concrete, best known for their value in 
roof and floor systems, are now finding 
an attractive new use. A recently com- 
pleted switching station of the Public 
Service Electric & Gas Company of 
Newark, N. J. has two walls made of 
side-by-side 10-ton vertical double tees 
running the full height of the building 
—nearly 61 feet—and creating an in- 
teresting pattern. 

A third wall, featured in the photo- 
graph above, is topped by tees 39'5 
feet tall. The bottom section of this 


AMERICA’S 
FIRST 
HIGH-EARLY 
STRENGTH 
PORTLAND 
CEMENT 


wall employs removable flat concrete 
slabs, to facilitate the replacement of 
major equipment. 

The architect found that using pre- 
stressed double tees in this manner had 
economic as well as design advantages 
—including off-site fabrication and 
stockpiling, fast erection with minimum 
personnel, no scaffolding, and lower 
heating costs due to better insulation. 

To produce the 5,000-psi concrete 
specified for this job, the Atlantic 
Prestressed Concrete Co. chose depend- 
able ‘Incor’® 24-hour cement. 


LONE STAR CEMENT 


CORPORATION 


100 Park Avenue, New York 17, N. Y. 


One of the world’s leading cement producers 


Offices in 17 major cities 
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Just as you'll see other CFal products in use 
wherever quality is the watchword, so you'll 
find CFal Prestressed Strand and Wire at lead- 
ing plants and construction sites across the 
nation. 


Concrete men know they can count on these 
prestressing products because they’re backed 
by years of wire-drawing experience . . . made 
from right analysis steels . "subjected. to rigid 
quality controls at every stage of production. 
And, because of CFal’s nation-wide system of 
plants and sales offices, plants and contractors 
know they can count on speedy delivery and 
engineering assistance whenever needed. 
Service to the concrete industry is one of the 
meanings behind our Corporate Image. 


* CFal Prestressed Concrete Strand—for pre- 
tensioning of prestressed concrete structures. 
Made to ASTM A-416 specifications, this 
7-wire strand is stress relieved after strand- 
ing to improve its elastic properties and 
assure uniform, high-tensile strength. 


7845-a 


@ CFal Prestressed Concrete Wire—for post- 
tensioned concrete structures. Made to 
ASTM A-421, this wire has excellent elastic 
and uniform mechanical properties. Easy to 
work with, it will lie flat and straight when 
uncoiled. Recommended for either Type BA 
(Button) or Type WA (Wedge) anchorage 
methods. 


Your nearest CFal office is ready to serve you. 
Ask for our new series of folders covering 
steel products for the concrete industry — 
W-202 (Strand), W-209 (Wire) and WWR- 
806 (Fabric). 


Other CFal Products for the 
Prestressed Concrete Industry 


CFal-Clinton Welded Wire Fabric ASTM 
A-185 ¢ CFal Concrete Reinforcing Bars and 
Rods ASTM A-15 ¢ CFal Wire for Concrete 
Reinforcement ASTM A-82 ¢ CFal Hard 
Drawn Prestressed Concrete Wire ASTM 
A-227 ¢ CFal Hard Drawn Prestressed Con- 
crete Wire for Redrawing ¢ Cal-Tie Wire ¢ 
Wickwire Rope and Slings 


STEEL 


PRESTRESSED CONCRETE STRAND AND WIRE 


THE COLORADO FUEL AND IRON CORPORATION 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo 
Billings * Boise * Butte * Denver * El Paso * Farmington (N.M.) * Ft. Worth * Houston 
Kansas City © Lincoln * Los Angeles « mg oy! ¢ Oklahoma City * Phoenix * Portland 
Pueblo * Salt Lake City * San Francisco * San leandro * Seattle * Spokane * Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta * Boston ¢ Buffalo * Chicago 
etroit * New Orleans * New York * Philadelphia 
CF&!I OFFICE IN CANADA. Montreal * CANADIAN REPRESENTATIVES AT: Calgary * Ed t 
Vancouver * Winnipeg 
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STRAND 


Bethlehem Stress-Relieved Strand teams up 
with Alloy Steel Bars in 60-ft prestressed beams 


Two Bethlehem products—stress-relieved 
strand and alloy bars—serve in this com- 
posite prepost tension design for the Georgia 
State Highway Dept. The beams, produced 
by Macon Prestressed Concrete Company, 
Macon, Ga., are 60 ft long, 4 ft deep, and 
18 in. wide. 


The %-in. strand, shown in the lower 
portion of the photograph, induced an ini- 
tial stress of 18.9 kips per strand. The 1- 
in. alloy bars, which served as the post- 
tension element, were each stressed to 106 
kips. The alloy bars were fabricated by 
Stressteel Corporation, Wilkes-Barre, Pa. 


This Decatur County bridge job was de- 


signed for an ASSHO H20-S16 loading for 
a roadway width of 28 ft. The beam spacing 
was 6 ft, 6 in., center to center. The slab 
thickness was 6 in. 

Bethlehem Stress-Relieved Strand is ideal 
for top performance in prestressed concrete 
because its manufacture and heat-treat- 
ment are precisely controlled, so as to meet 
the requirements of ASTM Specification 
A416-57T. 

Call our nearest sales office for full details. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
Export Distributor: 
Bethlehem Steel Export Corporation 


pETHLEHEY 


BETHLEHEM STEEL 
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MASTE 


POZZOLITH .. . makes good concrete better 


> 


Unique structural system 


for Utica’s newest art gallery 


The huge monolithic, intersecting pre- 
stressed girder system shown here is the 
heart of a unique engineering and construc- 
tion achievement. In a continuous 16-hour 
placing operation, the girder was cast in 
place fifty feet above grade. Dr. Lev 
Zetlin’s mix design included PozzoLitH to 
provide concrete meeting these rigid re- 
quirements: 

e 28-day strength of 5000 psi. 

e Slow initial set to avoid cold joints. 

e Extremely high degree of workability to 
prevent voids and honeycombing in 
girders crowded with reinforcing steel 
and post-tensioning cable conduits. 

¢ Lowest possible unit water content. 


In addition, PozzoLtirH was used in all 
job-placed concrete—for foundations, walls 
and exterior supporting columns to obtain 
increased workability and minimum 
shrinkage. 

The local Master Builders field man will 
welcome discussing your requirements. 
Remember, Pozzo.itu concrete is higher in 
quality and more economical than plain 
concrete or concrete made with any other 
admixture. 


Post-tensioning cables — 
fourteen flexible conduits, 
each containing twenty- 
five 44-inch tendons are 
draped within each girder 
section, 


DESIGNED BY ARCHITECT PHILLIP JOHNSON AND 
ENGINEERED BY DR. LEV ZETLIN—this concrete tic- 
tac-toe provides an interior free of columns for 
Munson-Williams-Proctor Institute Art Gallery 
in Utica, New York. Contractor: George A. 
Fuller Company, New York; Supervising Archi- 
tects, Bice and Baird of Utica. Pozzo.itu ready- 
mix concrete from American Hard Wall Plaster 
Company, Utica. 


The Master Builders Company + Cleveland, Ohio 
Division of American-Marietta Company 
World-wide manufacturing and service facilities 


Our SOth Year 


BUILDERS. 


POZZOLITH 


*POZZOLITH is a registered trademark of The Master Builders Co. 


for its concrete admixture to reduce water and control entrainment of air and rate of hardening. 
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self-propelled 


¢ LENGTHS TO 7 FEET! 
¢ LIGHTWEIGHT! 


e EASY TO HANDLE! 
LOW COST! 


Make it simple. ae it fast. This new lightweight, self-propelled screed is 
easily made in one-half hour — a handy, low-cost tool for use in prestressing 
and precasting plants .. . Just cut a piece of 4”, 5” or 6” channel iron to 
length (1 to 2 ft. wider than form) and weld a mounting bracket in the center. 
Mount a Topdog electric vibrator and you’re ready to work. Handles can be 
added if desired . .. For complete information on this screed or other vibratory 
equipment, contact Vibro-Plus in Stanhope, N. J. 


FOR ADDITIONAL INFORMATION FILL IN AND RETURN THIS COUPON. 


Please NAME 

Print ADDRESS 

STATE 
VIBRO-PLUS PRODUCTS, Inc. 


STANHOPE, NEW JERSEY 
WORLD'S LEADING MANUFACTURER OF VIBRATORY EQUIPMENT FOR OVER TWO DECADES! 
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NOW... 


Every LACLEDE Multi-rib Reinforcing Bar 
is Marked to Show SIZE and STRENGTH... 


ONE LINE 


33,000, 40,000, 50,000 psi 60,000 min. psi 75,000 min. psi 
ASTM (A15) ASTM (A432)* ASTM (A431)* 


Standard high strength steels* permitting greater economy and efficiency in 
reinforced concrete design under the provisions of the new A.C.!. codes 

must be identified, Recognizing this need, each Laclede Multi-rib reinforcing 
bar can now be completely identified as to size, strength and origin through 
a new rolled-in marking system. This assures the designer, contractor, and 
code writer that the proper grade of reinforcement is used on the job. 


Demand these new time-saving Laclede bars for your next construction job, 


LACLEDE STEEL COMPANY 


ee SAINT LOUIS, MISSOURI + Producers of Steel for industry and Construction 
September, 1960 
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Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 — 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do — Kurt 
s Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 


PRESTEESSEO CONCRETE 


Member of Prestressed Concrete Institute 
8 


QUALITY BRANDED, FULLY GUARANTEED 
PRESTRESS WIRE AND STRAND 


Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-54T 
and ASTM 305 


Send for this 
booklet today 
Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 


URT ORBAN 


COMPANY, INC. 
34 Exchange Place, Jersey City 2, New Jersey 
PCI Journal 
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Voids Reduce Weight In 
Record-size Precast Girders 


- 


ncrete construction, use teas The ak 


Bridge is being constructed for the 


For VOIDS in co 
New York State Department of Public 


Works, with Henry Ten Hagen, M. ASCE, 
Chief Engineer; C. F. Blanchard, F 
ASCE. Deputy Chief Engineer, Bridges; 
Earle E. Towlson, District Engineer; and 


F. Olschewske, Resident Engineer 
Consulting Engineers for the Depart 


4 wr ¢ ment are Summers, Munninger and 
> Motke, with Eric C. Moltke and K 0 
A Munninger in charge of design and 


supervision, and R — Mueller as Field 
Engineer. Terry Contracting inc is the 
contractor with William Mayhew, Vice 


President, acting as Chief Engineer 
FIBRE T 
tendent 


The Oneida Lake Bridge near Brewerton, N. Y., is the 
longest prestressed concrete girder bridge in the U. S. There 
are two separate parallel structures, each carrying three lanes 
‘of traffic and having a pier-to-pier span of 320’ 6”. 


Each span consists of twelve precast concrete cantilever 
girders, each 147 feet long and weighing 230 tons, which 
support five 231-foot, 230-ton concrete girders between 
them. To reduce dead load and simplify the moving and 
placing of the huge 230-ton exterior girders, they were 
voided with Sonoco Sonovorip Fibre Tubes, especially 
fabricated for this job. 


Sonovoip Fibre Tubes are specifically designed to form 
, Lee voids in concrete floor, roof, and lift slabs, bridge decks, 
and in precast members. By displacing low-working con- 
a ee oman crete, they reduce weight and the amount of concrete and 
SONOVOID Fibre Tubes and steel tendons in place prior to steel required...thus saving time, labor, materials, and 
placing forms. Photo courtesy Terry Contracting Inc. money. 


Order Sonovoip Fibre Tubes 2.25” to 36.9” O.D., in 
standard 18’ lengths or as required. Can be sawed—end 
closures available. 


| 

See our catalog in Sweet's, ' 
or write for information and prices to if 

| 


Construction Products 
Positioning girders over the” SONOCO PRODUCTS COMPANY, HARTSVILLE, S.C. + La Puente, Calif. 


ol Photo courtesy Sika Chemical Corp. * Fremont, Calif * Montclair, N. J. + Akron, Indiana * Longview, Texas + 
Atlanta, Ga. * Brantford, Ont. * Mexico, D. F. 
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VOLUME TIGHTLY BOUND 


LESCHEN 


START OF TEST LOADING on two 80-foot prestressed girders. Each contains 26 Leschen Prestress 
Strands under tension. 


153-TON LOAD— more than four times design load. Deflection was 24 inches with no failure of 
concrete or strand. Test made for acceptability of 1400 girders for South Vietnam construction project. 


Prestressed Beams 


Prestressed concrete is unique. Its properties are a delight to creative architects 


and engineers. Thinner sections, longer spans, lower depth-to-span, longe! 


cantilevering without ballast beams, reduction in weight, economy, architectural 
beauty. These and other advantages are a challenge to creative designers. 


— 
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LOADS REMOVED—approximately 85% recovery of deflection immediately. Only hairline cracks 
evident. Designer—Capital Engineering Corp.; General Contractor—Johnson, Drake & Piper of | 
Vietnam, Inc.; Technical Assistance—Freysinnet Co., Inc. 


TALK WITH A NEARBY 


PRODUCER OF ® 


PRESTRESS STRAND 


PRESTRESSED 


OR WRITE 
CONCRETE LESCHEN 


Leschen supplies producers with the ten- 
sioning material—prestress strand. To in- 
sure uniform production of highest quality 
He can discuss technical problems, point tensioning steel, Leschen has installed the 

to examples of prestressed construction in world’s newest and most modern wire mill 

' and other specialized equipment. Write for 
your area, and advise on costs and delivery 


im of literature giving typical uses and engineer- 
oer of beams from his yard. ing data. 
Leschen Wire Rope Division, H. K. Porter 
Company, Inc., St. Louis 12, Missouri. | 
| 
04x Design Load Test! | 
| 
ects 
7 LESCHEN WIRE POR] ROPE DIVISION 
u 


H.K.PORTER COMPANY, INC. 
PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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Mr. George F. Ferris 
Chairman of the Board 


Raymond International, Inc. 


GUEST EDITORIAL 


Raymond International, whose operations cover the 
world, welcomes the world of prestressors to the PC] 
Convention convening here in our home town, New 
York City, this month. As pioneers in prestressed 
concrete construction, with a vital and continuing 
interest in its progress since 1939, we have spent well 
over a million dollars on experimental and develop- 
ment work. One result of this research has been the 
development of the hollow thin-walled prestressed 
concrete cylinder pile, in extensive use today. 

The chief advantage of prestressed concrete is its 
economy over conventional design. A striking demon- 
stration of this is two concrete trestle type bridges 
built over Lake Ponchartrain. First was the Watson- 
Williams Bridge, completed in 1928, and then the 
Ponchartrain Causeway, 1956. Each has two traffic 
lanes and they are comparable in every way as fin- 
ished bridges. However the prestressed design of the 
Ponchartrain Causeway resulted in unbelieveable 
economies. With labor and material costs adjusted 
to 1928 levels, the Ponchartrain Causeway, on a 
square foot basis, was built at half the cost of the 
earlier structure. 

Every engineer and architect in America today 
should ask himself these questions: What am I doing 
to learn about this new material called prestressed 
concrete? Am I taking advantage of its economies in 
serving my clients? 

If they do not know the answers to these questions, 
they should learn them soon. 
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JOURNAL in brief 


Prestressing At Work in Hawaii 14 


Alfred A. Yee and Charles W. Watson 


Although prestressed concrete is only 3% years old in Hawaii it has become a 
dominant construction material on the islands. The pioneering of new techniques has 
provided the stimulus for this position. 


New Design Possibilities with Building Frames and Thin Shells 22 
David P. Billington 


Presented is a collection of design concepts and construction methods from around 
the world. Emphasis is placed on new possibilities for the use of prestressed concrete 
in this country. 


Research on Torsion of Prestressed Members. 35 
Paul Zia 


A total of 68 members were tested with the results indicating: the importance of 
stirrups in torsional resistance; the greater torsional strength of prestressed concrete 
over plain concrete; and the need for further investigation. 


Longer Span Prestressing with Post-Tensioned Trusses 41 
Mario G. Suarez 


Termed by President Dubois as “the most impressive and clear sequence of con- 
struction photographs I have ever seen”, these same construction shots of the 
spectacular Zaza River Bridge are presented. 


Highway Bridge Beam Spacing Curves 61 
State Road Department of Florida 


— set of bridge beam curves will be a useful addition to any engineer’s reference 
ibrary. 


Prestressing at Work in Underdeveloped Countries 64 
Eric Lind Dagseth 


The adaptability of prestressed concrete is shown by describing its progress in 
underdeveloped countries in spite of obstacles such as poor transportation, unskilled 
labor, and tropical heat. 


Prestressed Concrete Projects in Alaska 70 
David M. Goodall 


Faced with the problems of transportation in a remote area, lightweight concrete 
was used in bridge construction. Included is a summary on the characteristics of 
lightweight concrete. 


Index—PCI journal 84 


A list of all articles that have appeared in the PCI Journal from Vol. 1 No. 1 to 
Vol. 5 No. 2. 


I. P. Literature Exchange 
The first selected listing of available foreign literature. 
September, 1960 


he 
ed 
al 
ell 
| 
he 
ed 
“4 
4 
n- 
he 
in- 
he q 
ed 
a 
a 
ay 
ng 
in > 
94 
ud 
13 


Prestressing at Work in Hawaii 
‘Alfred A. Yee and *Charles W. Watson 


PROCEEDINGS PAPER 


Presented at the Prestressed Concrete Institute Convention 


14-story Diamond Head Apartment Building 
framed with composite prestressed concrete. 

Construction activity in Hawaii is 
now at a record breaking volume 
amounting to approximately 250 
million dollars annually. With the 
exception of local concrete aggre- 
gate, almost all basic construction 
materials including steel, timber and 
cement are still being imported. At 
present, two cement plants are under 
construction and will be ready for 
production sometime shortly after 
1960. Because good quality local 
concrete aggregate is plentiful the 
concrete industry enjoys a definite 
advantage over all other basic struc- 
tural materials. 


1 Alfred A. Yee & Associates 
2 Assistant Vice President 
Hawaiin Dredging and Construction Co. 


14 


Miami Beach, Florida, November 5, 1959 


Only 3% years ago, the first pre- 
stressing yard was constructed and 
put into operation. At present, this 
industry has definitely established it- 
self as an integral part of the con- 
struction program and a total of 
three independent prestressing yards 
are now in full operation. Strangely 
enough, there has been completed 
so far only one highway bridge con- 
structed of prestressed concrete gir- 
ders. But in that same period of 
time, over 300 individual building 
projects have utilized prestressed 
concrete units in one form or another 
such as piles, girders, beams, double 
tees, channels and flat slabs. 
Prestressed concrete piles have 
proven to be a highly competitive 
item in the foundation construction 
market. These piles, ranging from 
50 ton capacity up to 200 ton capaci- 
ty, are now commonly used in the 
larger buildings under construction. 
In terms of sq. ft. area for structural 
deck framing, the type utilizing pre- 
cast prestressed concrete joists or 
girders erected first and then tied 
compositely to a poured-in-place 
deck slab is by far the most widely 
used. The main advantage of this 
composite system over a totally pre- 
cast deck system is flexibility in de- 
sign and construction. However, to- 
tally precast deck systems such as 
in the use of double tees, channels or 
flat slabs are also very popular and 
by the end of this year, nearly 700,- 
000 sq. ft. of these units will have 
been produced and erected in place. 
Specialty items such as prestressed 
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The Ala Moana Shopping Center com- 
plex with 860,000 s.f. of deck area 
framed in prestressed concrete. 


Interior view of completed deck struc- : 
ture. Ala Moana Shopping Center 5 


Deck framing ready for forming. Ala 
Moana Shopping Center 


Placing of beams and girders for 
deck framing. Ala Moana Shopping 
Center 
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. Probing rig using a 350-lb. drop hammer 
driving a 3” pipe shaft for determining 
depths of coral ledges. Ala Moana Shop- 
ping Center 


. Steel template for accurate positioning of 
piles during driving. Ala Moana Shopping 
Center 


. Splicing of piles for 25 story office build- 
ing. 25 Story Office Building 


. Combination pile columns readied for deck 
framing. Ala Moana Shopping Center 


. On the left shows a standard method of 
construction using cast-in-place piles with 
pile caps and poured-in-place columns. On 
the right shows a new method developed 
at Ala Moana Shopping Center using a 
high strength prestressed concrete pile 
driven in place to act as both pile and 
column. This new method has been used 
to great advantage in time and cost sav- 
ings. 
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. 500 Ton test loading on pile. 25 


Story Office Building 


. Erection of 80 foot long post ten- 


sion prestressed concrete girders 
for Market Building. Market Build- 
ing 


. 14” deep prestressed precast con- 
crete I-joist. 


. Prestressed precast concrete skel- 


eton being readied for composite 
pour. 


. Typical girder sections. Ala Moana 


Shopping Center 
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concrete sun louvers, underground 
electrical ducts, street lamps and 
light poles have been manufactured 
in only limited quantities so far, but 
there appears to be a greater market 
for them in the future. 

Of all the prestressed concrete 
projects completed in Hawaii, the 
one which stands out as having the 
most extensive application of pre- 
stressed concrete is the Ala Moana 
Shopping Center. This construction 
complex involves approximately 688,- 
000 sq. ft. of gross rentable building 
area plus 2,000,000 sq. ft. of parking 
deck area. Of this, a total of 860,000 
sq. ft. of structural deck is framed 
with prestressed concrete. The basic 
design concept utilizes prestressed 
concrete piles which continuously 
extend up to the 2nd deck acting as 
supporting columns on which pre- 
stressed girders and _ prestressed 
beams rest. This pile-column-girder- 
beam skeleton is completely and 
compositely tied together with 4% 
in. thick cast-in-place reinforcing 
concrete slab. Pile column spacings 
were 30 ft. on centers each way for 
the parking deck and 24 ft. on cen- 
ters each way for the floor areas of 
the retail stores. 

Piles were driven to a predeter- 
mined depth which was established 
by a probing rig. This rig consisted 
of a 350 pound drop ram driving a 
3 in. pipe section into the ground 
at the location of each pile column. 
The information derived from this 
probing process was accurate enough 
so that at least 90 per cent of all 
pile columns driven later had ade- 
quate bearing within one or two feet 
of their predetermined lengths. De- 
sign loads for the pile columns 
ranged from 75 ton to 125 tons. 
Series of load tests were performed 
on finished piles and all results in- 
dicated successful driving. It was 
important that the pile columns were 
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driven within % in. of vertical plumb 
and this was effected by the use of 
steel templates in conjunction with 
the pile driving rig and the aid of 
two transit men signalling the driv- 
ing operator from two directions, 90 
deg. apart. 

Something unique in this project 
was the use of 5 miles of prestressed 
concrete curbing. These curbs were 
prestressed in 30 and 40 ft. lengths 
easily handled and placed at an 
amazingly low cost. Forty foot pre- 
stressed concrete lamp posts were 
also fabricated and used in this proj- 
ect. In areas where electrical duct 
envelopes were to be laid under- 
ground, prestressed concrete sections 
up to 50 ft. lengths were used. These 
were especially suitable for trench 
laying because ground water was 
encountered only 3 ft. below the sur- 
face of the ground. This construction 
method enabled successful comple- 
tion with a minimum amount of de- 
watering, shoring and forming. 

Adjacent to this shopping center 
is a 25 story office building presently 
under construction. This entire build- 
ing will be framed with prestressed 
concrete units similar to those used 
in the shopping center and com- 
positely tied together with a cast- 
in-place reinforced concrete slab. 
Supporting this building are 18 in. 
octagonally shaped prestressed con- 
crete piles with average lengths of 
180 ft. Each pile is driven in three 
segments of 60 ft. each and spliced 
together with steel dowels and steel 
plate collars. The design load on 
these piles is 200 tons each. Upon 
performing a full scale load test to 
500 tons on one of these piles, it was 
found that the net settlement was 
only 3/16ths of an inch. With these 
high design loads justified, consid- 
erable savings in cost was effected 
in the foundation construction. 

At present, the tallest structure 
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Finished deck structure. 


Finished office building using skeleton 
system. 


Forming of prestressed concrete |-joist 
for composite concrete deck pour. 
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Prestressed concrete trench ducts. Ala 
Moana Shopping Center 


Prestressed concrete light poles. Ala 
Moana Shopping Center. 


Prestressed concrete curbing. Ala 
Moana Shopping Center 
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completed framed in _ prestressed 
concrete is the. Diamond Head 
Apartment Building. This building 
has a total of 14 floors including two 
structural decks for parking. The 
floors for this building are composite- 
ly framed with prestressed concrete 
I-shaped joists and a cast-in-place 
concrete deck slab. Deck spans range 
from 30 ft. to 40 ft. clear and foun- 
dations were supported on 16% in. 
octagonally shaped concrete piles 


each carrying 100 tons at design 
load. 

With each project completed in 
the islands, additional knowledge is 
gained on the use of prestressed 
concrete. Newer and better uses are 
being derived by each experience 
and because the results have been 
very encouraging so far, it is expect- 
ed that prestressed concrete will de- 
velop into a dominant material for 
the construction industry. 


Use of Stahiton plank prestressed 
concrete system for apartment house 


construction. 
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PROCEEDINGS PAPER 


New Design Possibilities With 


Building Frames and Thin Shells 
By David P. Billington* 


Presented at the Prestressed Concrete Institute Convention 
Miami Beach, Florida, November 5, 1959 


Ee theme of this paper is that the 
possibilities for using new design 
concepts in this country are greater 
than anywhere else in the world. In 
other lands there are many examples 
of brilliant designs which should 
serve to inspire engineers in this 
country. What is done here is to re- 
view some of these foreign designs, 
some unusual American designs, and 
some of the future possibilities for 
this country. Some new possibilities 
with two dimensional framing sys- 
tems will be considered first. 

The structure in Figure 1 is a pier 
built by the City of New York for 


the Holland America Line. When 
complete next year, it will be New 
York’s largest and most modern 
shipping terminal. It is symbolic that 
it should also be of prestressed con- 
crete. The terminal consists of a main 
deck 800 feet square and a two- 
story cargo and passenger shed 
around the outside leaving an open 
truck court in the middle. Figures 2 
and 3 show some features of the 
main deck. This construction consists 
of steel piles, cast-in-place concrete 
pile bents, and prestressed, precast 
concrete slabs, more than 6,000 
pieces in all, covering more than 
600,000 square feet. 

There is nothing particularly un- 
usual about the foundation as far as 
a new concept is concerned, but the 
superstructure is different. In June 
1959 the superstructure was bid com- 
petitively with a structural steel 
frame against a prestressed concrete 
frame. The results of the bidding 
were that the prestressed concrete 
frame was more than 6 per cent be- 
low the structural steel frame, on a 
$4,000,000 contract. This is an ad- 
vance for prestressed concrete, par- 
ticularly around New York City. The 
steel design was required to be fire- 
proofed since the Holland American 
Line considered the concrete struc- 
ture fireproof. Therefore, against a 
* Structural Engineer 
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comparable structural system, pre- 
stressed concrete showed itself to be 
competitive in New York City where 
this had previously not been the 
case. The pier shed shown in Figure 
4 required 350 cast-in-place and 
precast columns, nearly 400 post- 
tensioned girders, over 1,800 pre- 
tensioned beams, and about 800,000 
sq. ft. of precast and cast-in-place 
concrete slabs. 

Another example of an unusual 
use for relatively standard type pre- 
stressed units is shown in Figure 5. 
Erected for a switching station in 
New Jersey, these double T’s were 
used here conveniently to span the 
entire wall panel distance, including 
the cantilever above the top to cov- 
er up some of the machinery. 

Rigid frames are also a good pos- 
sibility in prestressed concrete. The 
project shown in Figure 6 is the 
new medical research center at the 
University of Pennsylvania. The 
structural design was done by Dr. 
August Kommendant and is a very 
interesting example of the fusion of 
a new type of design with a high 
quality of technical workmanship 
possible in the prestressed concrete 


industry today. 
September, 1960 


The structure is formed by a num- 
ber of small units tied together by 
post-tensioning. Figure 7 shows one 
piece of column below, another piece 
of column above and a series of 
truss-like girders framing in  be- 
tween. These girders that span in 
both directions are all straight mem- 
bers and are made in a factory. 


3 
\ 
Z 
Fig. 3 
23 2 


SECTION THRU NORTH ¢ WEST SHEDS 


MOST TENSIONED GIRDERS 


CAST PLACE COLUPONS 


KEY PLAN 


Some pretensioning was done there, 
then they were shipped to the site 
where the structure was erected. In 
figure 7 note the precise work re- 
quired as the girder element comes 
down over the post-tensioning rods 
in the column to be post-tensioned 


Fig. 4 


together to make a frame. Through 
the holes seen in the girder element 
other post-tensioning rods will be 
placed to make the several girder 
elements into one continuous unit. 
The girder at right angles was cast 
as one continuous piece and _ pre- 
tensioned in the factory. The open- 
ings in the girders are such that the 
girder really acts like a Vierendeel 
truss. This was done because all the 
structure will be exposed under the 
slab and the openings allow the 
mechanical equipment for this re- 
search center to be readily accessi- 
ble. There was a lot of talk before 
tnis design was completed that it 
couldn't be done, it was too refined. 
But it-was done. Everything had to 
fit and everything did fit. 

This leads to a consideration of 
trusses. It is the writer’s belief that 
simple trusses in prestressed concrete 
are a definite possibility in this coun- 
try. As a principle, when competing 
with structural steel for a new fram- 
ing system it is generally better to 
compete on the same basis as the 
structural steel. In other words, 
where a bow string truss, for exam- 
ple, is the most economic solution in 
structural steel it would be proposed 
to use a prestressed concrete bow 
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string truss. 

Figure 8 shows an example of such 
a bow string like truss. This happens 
to be built in Poland; it was erected 
by means of a double column sys- 
tem where the member is jacked up 
between the columns to the top. 
The important point here is that by 
precasting individual panels of a 
truss in a factory, bringing them out 
onto the site, and post-tensioning 
them together, the builder is really 
simulating steel construction. This 
can become a greatly economical 
solution, particularly in spans where 
the standard type double T framing 
becomes difficult. 

As another extension of trusses, 
the Gatwick Hangar in England, is 
a striking example as shown in Fig- 
ure 9 (see PCI Journal Dec. 1959), 
where hundreds of little pieces were 
precast and brought out on the field. 
It is a very brilliant design, but in 
the United States greater economy 
would probably be gained by using 
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larger factory made units to reduce 
field labor costs. 

Another structural system which 
presents some great possibilities for 
prestressed concrete is the cantilever. 
Figure 10 shows a prestressed con- 
crete cantilever for a stadium in 
Lisbon, which demonstrates the at- 
tractiveness and the feasibility of 
this type of construction. Long span 
cantilevers have been designed in 
this country recently, particularly 
for aircraft hangars, but most of 
them have been structural steel 
trusses. Therefore, the writer believes 
that the best alternative for this 
type of construction in prestressed 
concrete is a prestressed concrete 
cantilever truss. An example about 


five years old by now, demonstrates 
this point. At that time designs were 
prepared for a large double canti- 
lever hangar for the Port of New 
York Authority’s Idlewild Airport, 
to be built in either prestressed con- 
crete or in structural steel. The con- 
crete proposal is shown in Figure 11. 

The final results of the bidding in 
1954 between the prestressed struc- 
ture and a structural steel truss of 
roughly the same over-all dimensions 
showed the concrete to be about four 
per cent more expensive. That is 
not bad for that time, when one con- 
siders that specifications did not re- 
quire the steel structure to be fire- 
proofed in any way. But since that 
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time, detailed studies have been 
made and the conclusion reached is 
that a prestressed precast concrete 
cantilever truss would have been a 
good deal less expensive than the 
full-web girder which was bid and 
could have been less expensive than 
the final cost of the structural steel 
truss also. There is a good possi- 
bility of constructing such a mem- 
ber economically where it can be 
made in pieces on the ground or 
possibly in a factory. The center 
piece as shown in Figure 12 would 
be erected over the two columns, 
then the two side cantilevers would 
be erected between the columns and 
temporary towers and post-tensioned 
back so that the cantilever becomes 
self-supporting. When these towers 
are moved to new positions, a new 
piece is put on and post-tensioned 
back, and so on to the end of the 
construction. 

Now, as a further discussion of 
the same problem, recently two 
concrete cantilevers were built out 
at Idlewild but they were built of 
folded plate construction. These 
hangars were considerably more ex- 
pensive than the prestressed full- 
web girder. This points to the con- 
clusion that in a facility where a 
structural steel truss is economical, 
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the best competition by prestressed 
concrete will be with a prestressed 
concrete truss. 

To complete this very cursory re- 
view of possibilities of two dimen- 
sional structures, bridges must be 
mentioned, because without question 
prestressed concrete has revolution- 
ized bridge building in this country. 
The structure in Figure 13 is a 
bridge near the Ardennes in Bel- 
gium. During wars, one of the first 
casualities are always the bridges, 
and one of the many bright spots 
of peace, is the opportunity to re- 
build using new concepts. Now, 
these concepts lead to the graceful 
lines shown in Figure 14. 

This is the well known bridge at 
Sclayn in Belgium, a_ prestressed 
concrete hollow box girder, contin- 
uous over three spans with a certain 
amount of architectural improvement 
over the former structure, if nothing 
else, and there is plenty else too. 
This was a striking advance for 
bridge building and for prestressed 
concrete 10 years ago. 

Another striking and newer ad- 
vance is shown in Figure 15 and this 
is the cantilever method of construct- 
ing prestressed concrete bridges 
similar to the cantilever truss hangar 
previously described. Construction 
may be started by casting a section 
of concrete out from the bank and 
post-tensioning it back to the back 
span, and casting new pieces and 


post-tensioning them back, until it 


id 
a 
ower 
/ 4 
Towtr 
Fig. 14 


320" sean 
IROER 
i | 
SEARING 


LONGITUDINAL SEC. 
Fig. 17 


28 PCI Journal 


= 
P 
4 
a 
: 
: 
Fig. 15 
— 
Fig. 16 
i 
EXPANSION 


meets in the middle. When complet- 
ed it becomes a continuous bridge. 
This method developed by Dr. U. 
Finsterwalder has been used repeat- 
edly in Germany and is a very effec- 
tive method for building a bridge 
without blocking the waterway. No 
scaffolding is required. An excellent 
example of this method is the Zaza 
bridge in Cuba described at the 
Convention by Mr. Suarez and 
shown in Fig. 16. 

But an even newer development 
has been performed in this country, 
and that is the Lake Oneida Bridge 
designed by Eric Molke of Summers, 
Munninger and Molke which dra- 
matically demonstrates the new pos- 


sibilities in this country for bridge 
building with long spans of pre- 
stressed concrete. 

Figure 17 shows a cross section 
of the bridge. The cantilever side 
spans on either side are precast on 
the bank, post-tensioned, and then 
rolled out over temporary supports 
to their final position over the piers 
on both sides. The center or drop-in 
givders are precast and post-ten- 
sioned also on the bank. These gir- 
ders are then barged out over the 
channel and pulled up from both 
sides at the cantilevers so that they 
come between the cantilever girders. 
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Once all these girders are in place, 
then a diaphragm is cast at several 
points and_ post-tensioned trans- 
versely. This acts as a rigid bolted 
connection so that the two pieces 
cannot rotate relative to each other 
and therefore a transfer of both 
shear and moment is accomplished. 
The result is a three-span continuous 
girder bridge with a 320-foot center 
span, certainly considerably more 
than anything that has been achieved 
yet in this country. Figure 18 shows 
a construction view of the bridge. 
Another fertile field for prestress- 
ing is three-dimensional structures, 
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PRESTRESSED CYLINDRICAL SHELL 


that is such structures as cylindrical 
shell roofs, domes, tanks and folded 
plates. 

Figure 19 shows a_ cylindrical 
shell roof which was bombed and 
burned but which nevertheless did 
not fail. This demonstrates the tre- 
mendous capabilities of space sys- 
tems. It is a church in Finland which 
was bombed during Finnish Russian 
war and which stood up. The huge 
hole attests to the tremendous forces 
that were released in the structure, 
and it shows that such systems can 
withstand terrific overloads from 
blast, bombing and fire. 

The structure of Figure 20 shows 
the commercial possibilities of space 
systems. This is a thin shell struc- 
ture currently under construction at 
Olmsted Air Force Base in Pennsyl- 
vania. It is relatively inexpensive 
because of certain economies in han- 
dling and reusing forms which were 
rolled along tracks. This shell struc- 
ture does not use prestressing but it 
could since prestressing is a logical 
method for shells. One approach to 
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Fig. 21 


the prestressing of shells would be 
simply to put in prestressing steel 
where you have the lines of prin- 
cipal tension in the shell structure. 
This would be the approach where 
one is just replacing the reinforcing 
steel by prestressing steel. That 
would have a big advantage because 
it would reduce the amount of steel 
terrifically. In the writer’s opinion 
this is not the correct approach. Pre- 
stressing has a much greater and 
more general benefit than just re- 
placing reinforcing steel. 

Figure 21 shows a very simple 
shell and the benefit referred to is 
the ability of prestressing to cause 
reverse deflections. The dead load 
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will tend to deflect the shell down- 
ward, whereas the prestressing, as 
well as producing a compression, can 
also be made to deflect the shell 
upward. This upward deflection will 
cause reversal of the stresses in the 
system. Such reversal of stresses can 
be accomplished by prestressing the 
edge member as shown here, but 
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this is not such a good way. It is a 
simple way because it is really linear 
prestressing, but it does not accom- 
plish the whole story. Particularly, 
it is not advantageous for continuous 
structures, because the edge member 
over a continuous support would be 
in compression under gravity loads. 
The logical system is not to use 
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an edge member but prestressing 
with forces which are within the 
shell. These forces should be near 
the edge at center span and near 
the crown at supports. This is very 
similar to a draped tendon in a 
linear beam, in which the draping 
tends to raise the beam up and, 
therefore counteract not only bend- 
ing stresses, but shearing stresses as 
well. Placing the edge member tan- 
gent to the shell edge and prestress- 
ing only the edge member could ac- 
complish as well. 

Figure 22 is an example of a very 
light structure which shows the pos- 
sibilities for a prestressed shell con- 
struction where the edge member is 
reduced practically to nothing. 

A common type of prestressed 
shell is the liquid storage tank of 
which many have been built in 
America. There are some new devel- 
opments in tanks recently made in 
Europe. One is the pearshaped tank 
of Figure 23 that has been built in 
Germany. These chambers are eco- 
nomical because of great form re- 
use and because they are post-ten- 
sioned in two directions. Figure 24 
shows a closer view of the construc- 
tion. They are constructed in seg- 
ments, the form is rotated around 
so that it is re-used every time. 

Another new tank design is the 
Orebro elevated water tank in Swe- 
den. This is interesting because it 
shows new possibilities in both de- 
sign and construction. Probably not 
every small town in this country is 
going to want to build a tank like 
this. (Figure 25). But it is possible 
that by prestressing and precasting 
standardized designs could be de- 
veloped to give a little competition 
to Chicago Bridge and Iron. 

Folded plates began not very 
dramatically as coal bunkers. Now 
we have the really dramatic struc- 
tures of the folded plate roofs that 
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we see throughout this country. They 
can be very attractive architectur- 
ally but up to now they have not 
been prestressed in many cases. 

Figure 26 shows schematically a 
folded plate. Folded plates are es- 
sentially narrow beams which span 
longitudinally. Transversely, folded 
plates act as continuous slabs on 
elastic supports. 

It is logical to apply the prestress- 
ing longitudinally in the thin deep 
beam. Such prestressing will cause 
stress reversals throughout the sys- 
tem, including the transverse slab 
stresses. The analysis for prestressed 
folded plates is no more difficult than 
the analysis for ordinary folded 
plates. 

Figure 27 shows an example again 
of a folded plate design that has 
been built abroad in which the 
plates, or the longitudinal beams 
have been precast as rib slabs. They 
have been put together on tem- 
porary supports, concrete has been 
cast in between the supports, and 
post-tensioning has been applied in 
the concrete areas to tie the whole 
system together. This method of 
folded plates is a possibility here in 
this country. 

Let’s probe a little further now in- 
to space. This structure here ( Figure 
28) is a three hundred foot span, 
double curved precast & prestressed 
arch, which has been built in the 
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Soviet Union. It is only about six 
inches thick, and for such a span a 
notable achievement in precast pre- 
stressed concrete. 

Just before his death, Professor 
Magnel was working on a design of 
a tower of great magnitude. It was 
a 1400 ft. high prestressed concrete 
tower (Fig. 29) which would have 
placed a monument to prestressing 
as the central focus of the Brussels 
World Fair. Unfortunately, he died 
too soon and the tower died with 


him because such structures take 
real genius, and initiative to push 
through. So that instead of a great 
monument to prestressed concrete 
as the central theme of the Brussels 
World Fair they ended up with a 
bunch of metal balls. 

New concepts often are coming 
from abroad with men like Magnel, 
Freyssinet or Finsterwalder but the 
great possibilities are right here in 
this country. They need only to be 
pursued and developed. 
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Research on 
Torsion of Prestressed Members 
by Paul Zia* 


The first torsion research related 
to prestressed members is the inves- 
tigation of Professor Nylander in 
Sweden only fourteen years ago. 
Sixteen specimens 8 inches square 
in cross section were tested under 
torsion coupled with axial compres- 
sion. The average cube strengths of 
the concrete used in these tests were 
2750 psi and 4300 psi. His results 
were in favor of Nadai’s plastic 
theory of torsion and the maximum 
stress theory of failure, provided that 
the principal compressive stress did 
not exceed 50 to 60 per cent of the 
compressive strength of the concrete. 

A few years later, Professor Cowan 
and his associates in England inves- 
tigated both theoretically and ex- 
perimentally the combined bending 
and torsion of rectangular members, 
some conventionally reinforced and 
some prestressed. From pure bend- 
ing to pure torsion, varying ratios 
of bending moment to twisting mo- 
ment were used. The nine post-ten- 
sioned members were 6 in. x 9 in. in 
cross section and the concrete cube 
strength was well over 8000 psi. The 
test results were in good agreement 
with his theoretical treatment of the 
problem. For the failure of concrete 
under combined stresses, Cowan 
suggested a combination of the maxi- 
mum stress and internal friction 
theory. 
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Another research on torsion in 
prestressed members was reported 
by Humphrey also of England in 
1957. It dealt with the results of 94 
post-tensioned rectangular members 
with depth-width ratio of 1 to 4. The 
average cube strength of the con- 
crete was 8730 psi. The results 
demonstrated the increase of tor- 
sional strength to 275 per cent of 
the strength of the plain concrete 
member by the use of a prestressing 
force equal to 57 per cent of the con- 
crete compressive strength. Above 
this optimum prestressing effort, the 
torsional strength was rapidly re- 
duced. 

The recent torsion test program at 
the University of Florida includes 
68 pretensioned and plain concrete 
members. It consists of rectangular, 
“T” and “I” cross sections. Various 
eccentricities are used and some of 
the specimens also contain web re- 
inforcement in the form of ties. This 
program was planned to study the 
ultimate strength of pretensioned 
members having such cross sections 
as commonly used in prestressed 
concrete construction. 

(Fig. #1) shows the torsion ma- 
chine in which the members were 
tested. The angle of twist was meas- 
ured by the mirror-scale method. It 
reads to the nearest 3.4 micro-radian 
per inch. 

(Figures #2 and #3) show the 
appearance of the members after a 
failure. 
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(Fig. #4) shows the typical mo- 
ment-twist curves. of a group of the 
specimens. All specimens behaved 
elastically up to about 70 per cent 
of their ultimate capacity. The pre- 
stressed and plain specimens without 
web steel failed abruptly whereas 
the members with web steel (#2 
ties at 4 inches on centers ) sustained 
a considerable amount of deforma- 
tion before failure. This shows the 
decided toughness achieved from 
the use of web steel. 

In order to determine theoretical- 
ly the ultimate strength of a mem- 
ber, a criterion of failure of the 
material must be chosen. The com- 
monly used criteria are the maximum 
stress (Rankine) theory and the in- 
ternal friction (Coulomb) theory. 
The internal friction theory was 
later generalized by Mohr. The ex- 
act shape of the Mohr envelope was 
not specified by him, however, and 
must be determined experimentally 
for each material. Cowan suggested 
a dual criterion which is a combina- 
tion of the maximum stress theory 
and the internal friction theory. This 
theory describes two distinct types 
of failure, namely, the tension or 
cleavage failure and the shear or 
fracture failure. 

(Fig. #5) shows the envelopes 
of these various failure theories. it 
is noted, however, that the envelope 
of Cowan’s theory may be consid- 
ered as an approximation of the 
Mohr’s envelope. Comparison of the 
test results by Humphrey with these 
theories indicates that Cowan’s the- 
ory is the most appropriate except 
that it errs on the danger side. As 
a result of this, a modification is 
suggested. This modified failure en- 
velope can also be seen in Fig. #5. 

Based upon these theories of fail- 
ure, the interaction curves are de- 
rived and are shown in (Fig. #6). 
These curves depend upon two dis- 
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tinct properties of the plain concrete: 
The torsional strength and the com- 
pressive strength. For practical pur- 
poses, the torsional strength of the 
plain concrete is assumed to be its 
tensile strength. With these curves 
one may determine the amount of 
increase of torsional strength of a 
concrete member due to prestress- 
ing. It can be seen from the curve 
that according to the modified Cow- 
an’s theory the optimum compression 
is 62 per cent of f’. and the increase 
of torsional strength is 115 per cent 
if = 0.10 If => 0.08 the 
optimum compression would be 70 
per cent of f'. and the increase of 
torsional strength would be 165 per 
cent. 

The strength of the test member 
analyzed according to the classical 
St. Venant’s torsion theory and this 
interaction curve based on the modi- 
fied Cowan’s theory have been found 
to be in close agreement with the 
test results of the rectangular and 
T sections, assuming the cracking 
moment is equal to the ultimate 
moment. The test results of I sec- 
tions, however, disagrees with and 
grossly exceed the values predicted 
by the theory. It is believed that 
the assumption of the cracking mo- 
ment being equal to the ultimate 
moment is not valid in the case of 
the I section. 

If the web of the I section is 
thicker than its flanges such as those 
used in this investigation, the tor- 
sional stresses are much higher along 
the sides of the web than in the 
flanges. Thus under torsion the 
cracking of the I section begins in 
the web and spreads toward the 
flanges. The less stressed flanges, 
however, tend to arrest these cracks 
and the torque is then resisted by 
the lateral bending shear in the 
flanges. So a general breakdown does 
not follow immediately the initial 
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Fig. 4—Typical Torque-Twist Curves of Series T and TW 
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Fig. 6—Interaction Curves for 7. — 0.10fc’ 
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cracking as in the case of the rec- 
tangular and T members. The ad- 
ditional resistance beyond that cor- 
responding to the initial cracking 
due to this flange restraining effect 
is substantial. It amounts to 60 per 
cent of the resisting torque at the 
initial cracking. This increase was 
consistent with all seven tests. 

The presence of the web steel 
does not influence the elastic tor- 
sional properties but increases con- 
siderably the toughness of a member 
and also its strength. Following the 
current practice of web reinforce- 
ment design for bending shear in 
which the web steel resists the stress 
in excess of what the concrete can 
carry, it was found that the test re- 
sults agree very well with a theory 
advanced by Cowan. 

In the light of this investigation, 
the following conclusions and rec- 
ommendations may be drawn: 

1. A prestressed concrete member 
under torsion fails abruptly but this 
sudden type of failure can be avoid- 
ed by the use of web steel in the 
form of ties spaced not more than 
half the depth of the ties. Web steel 
of 1.5 per cent by volume is sug- 
gested as a minimum. 

2. The elastic torsional properties 
are not affected by this minimum 
web reinforcement. 

3. The ultimate strength of pre- 
stressed members of rectangular and 
T sections without web reinforce- 
ment under short time loading is 
the same as the cracking moment 


which can be determined by the St. 
Venant’s torsion theory and _ the 
modified Cowan’s criterion of fail- 
ure. 

4. The additional strength beyond 
the cracking moment of prestressed 
members of an “I” cross-section with- 
out web steel is substantial and 
significant. The hypothesis that this 
additional strength is due to the 
flange restraining effect of the “I” 
requires further verification and in- 
vestigation with various flanges and 
web thicknesses. 

5. The ultimate strength of pre- 
stressed members with web steel is 
equal to the sum of the cracking 
moment of the member and the mo- 
ment resisted by the web reinforce- 
ment. 

6. The use of web steel in some 
of the test members in this investi- 
gation is exploratory in nature. The 
exact role that the web steel plays 
regarding the torsional properties 
and strength of the prestressed mem- 
ber requires more thorough investi- 
gation. 

7. The torsional properties and 
strength of prestressed members 
with and without web steel under 
sustained loading are the immediate 
problems that need attention. 

Acknowledgments are due to the 
National Science Foundation who 
sponsored this research project. As- 
sistance was also received from the 
Prestressed Concrete Institute and 
Florida Prestressed Concrete Asso- 
ciation, each contributing one-third 
of the test specimens. 
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Longer Span Prestressing 


with Post-Tensioned Trusses 


Mario G. Suarez 


Consulting Engineer 
Havana, Cuba 


A slide presentation at the 1959 Prestressed Concrete Institute 
Convention, Miami Beach, Florida. 


The Zaza River Bridge with its 
300 ft. clear span of prestressed con- 
crete in Los Villas, Cuba, establishes 
a new application of precast prod- 
ucts for long span construction. The 
unique design at the Zaza River 
Bridge combines the well established 
method of cantilever construction 
with the use of. prestressed precast 
truss segments. Designed for H20- 
$16 loading, the bridge has a total 
span of 300 ft. consisting of two 
cantilever arms 117 ft. long extend- 
ing from each abutment. A 66 ft. 
suspended span in the center com- 


pletes the bridge. The overall width 
is 37 ft., comprised of a 29 ft. road- 
way and two 4 ft. sidewalks. 

The new structure replaces a sin- 
gle span steel truss bridge which was 
destroyed during the recent revolu- 
tion. Since the concrete abutments 
of the old bridge were sound, the 
new structure was designed to util- 
ize them, yet achieve a clear span 
structure without using falsework. 
The clear span without falsework 
was required because the river has in 
the past risen as much as 40 ft. in 
a very short time. 


Zaza River Bridge nearly com- 
pleted. 
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Counterweight. Reinforcement 
for bottom slab of earth anchor. 


Counterweight. Vertical mem- 
bers of earth anchor. 


Counterweight. Rear face of 
abutment and inclined compres- 
sion members. 
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Post-tensioning 
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stressteel bars in vertical mem- 
bers 
Counterweight. 
for roadway slab over counter- 
weight section 


Counterweight. 
Counterweight. 
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Main span supports. Front face 
of abutment. Preparing the sup- 
ports for precast trusses. 


Main span supports. Pin con- 
nector and reinforcing steel in 
place. 


Precasting of structure. 
Casting yard, showing molds 
for first truss sections in place. 
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Precasting of main structure. 
Detail of pin connector assem- 
bled for exact fitness. 


Precasting of main structure. 
Detail of bottom chord connec- 
tion. 
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Precasting of structure. 
Reinforcement of first truss in 
place. 
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Precasting of main structure. 
Detail of end of cantilever. 


Precasting of structure. 
Curing of the four trusses of 


one cantilever, cast one on top 


of the other. 


Erection of main structure. First 

section to be erected is pulled 

apart from the others in cast- 
ing yard. 
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Erection of main structure. First 

and largest section, weighing 

17 Tons, handled by crawler 
crane. 


Erection of main structure. First 
section being moved into place. 


Erection of main structure. Pin 
connector of first section almost 
in place. 
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Erection of main structure. First 

precast element in place. Notice 

tie-back bars acting as top 

chord of truss. Second element 
being erected. 


Erection of main structure. De- 
tail of pin connection of first 
section to its support. 


Erection of main structure. Plac- 

ing tie-back Stressteel bars for 

first element of second panel 
length. 
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Erection of main structure. De- 
tail of pin connection between 
first and second panels. 


Erection of main structure. Two 
panel lengths in place. 


Erection of main structure. Two 
panel lengths in place. 
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Erection of main structure. Three 
panel lengths in place. 


Erection of main structure. Four 
panel lengths in place. 
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Erection of main structure. Three 
panel lengths in place. 
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Erection of main structure. Erec- 
tion of West cantilever com- 
pleted. 
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Erection of main structure. Four 
panel lengths in place. 


Erection of main structure. Erec- 


tion of West cantilever com- pele 
pleted. 2 
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Credits: Architect: Louis |. Kahn, F.A.1.A.; Structural 
Engineers: Keast & Hood; Consulting Structural 
Engineer: Dr. August E. Komendant; Prefabricator: 
Altantic Prestressed Concrete Co.; General Con- 
tractor: Joseph R. Farrell, Inc. Photos: Stressteel 
Corp. 
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PRINT IN BINDING 


Precision casting 
at low slumps 
with Plastiment 


Construction men position Stressteel bars in 
girder prior fo post tensioning. 


THE THREE 8-story prestressed towers of the new University of 
Pennsylvania Medical Research Building mark a significant mile-post 
in the field of precast concrete building construction. These towers 
abut a cast-in-place central structure. Concrete elements consisted of 
precast, prestressed trusses, girders and columns. The entire structure 
is tied together vertically and horizontally by post-tensioned Stres- 
steel bars. 


Close tolerances, smooth surface finish, and precision fitting 
of the pieces were achieved. Using slumps which never exceeded 3 
inches, Plastiment provided the necessary high degree of workability 


and uniform quality in both precast and cast-in-place concrete. 


Where slumps of the lowest possible order are required while 
maintaining practical degrees of workability, Plastiment is the answer. 


For full details, contact your local Sika representative or write for 
Bulletin PCD. 


Al CORPORATION 


Passaic,N.J. 
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Erection of main structure. East 

cantilever being erected. Form- 

work for roadway slab and 

beams of West cantilever almost 
ready. 


Erection of main structure. East 

cantilever being erected. Form- 

work for roadway slab and 

beams of West cantilever almost 
ready. 


Construction of roadway slab. 
Building formwork and placing 
reinforcing steel. 


PCI Journal 


f 
° 
Be 
re 
> 4 
uae 


Erection of main structure. East 

cantilever being erected. Form- 

work for roadway slab and 

beams of West cantilever almost 
ready. 
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Erection of main structure. East 

cantilever being erected. Form- 

work for roadway slab and 

beams of West cantilever almost 
ready. 
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Construction of roadway 
Ready for concrete. 


Construction of roadway slab. 
View of bridge showing west 
cantilever ready to be poured 
and East cantilever formwork 
practically finished. 


Main structure. Both cantilevers 
have been completed. Bottom 
chord connections have been 
welded and concreted in. The 
whole structure has been post- 
tensioned and formwork has 
been almost completely re- 
moved. 
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Center span construction. Beam 

casting yard, showing mold 

and reinforcement being pre- 
pared. 


= Center span construction. Beam 
bd | casting yard, showing mold 
and reinforcement being pre- 

pared. = 


Center span construction. Look- 
ing East from the end of West 
cantilever, showing crane about 
to handle first beam. Remaining 
beams are seen on casting yard 
beyond the abutment, on the 
left side. 
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Center span construction. The 

55-Ton crawler crane walking 

the 19-Ton beam towards the 
end of the cantilever. 


Center span construction. The 

55-Ton crawler crane walking 

the 19-Ton beam towards the 
end of the cantilever. 


Center span construction. Using 

an auxiliary truck crane at the 

end of West cantilever, the first 
beam is placed in position. 
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Center span construction. Using 

an auxiliary truck crane at the 

end of West cantilever, the first 
beam is placed in position. 


Center span construction. First 
beam in position. 


Center span construction. Plac- 
ing third beam. 


September, 1960 50 


‘ 
| 
| 
ff: 


Center span construction. Plac- 
ing fourth beam. 


Center span Construction. The 

four beams are in place and 

ready to receive the roadway 

slab which will complete the 
bridge. 
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State Road Department of Florida 
Bridge Beam Curves 


The use of these curves is aimed 
at determining the most economical 
framing plan for a bridge of a given 
span length. They are to be only 
used as a tool for the preliminary 
design stage of a complete design. 
For a given span length a beam 
spacing may be found and for a giv- 
en roadway width the number of 


beams required can. be determined. 
Then an economic comparison can 
be established for the different beam 
types as they apply. 

The beam types refer to the 
standard AASHO-PCI cross-sections. 
The stringer spacings have been 
based on the AASHO loading plus 
impact applied to the composite 
section with a 7” slab. 


Design Criteria 


Assumed slab thickness = 7” 
f’. = 5,000 psi 
f’ = 4,000 psi 


Allowable temporary stresses before losses due to creep 


and shrinkage: 


Concrete compressive stress = 2400 psi 

Concrete tensile stress = 380 psi 
Allowable stresses at design loads after losses: 

Concrete compressive stress = 2000 psi 

Concrete tensile stress (in precompressed tensile zone) = zero 
Assume 20% losses in prestress forces due to creep and 


shrinkage 


Concrete in beam and concrete in slab assumed to have 
similar elastic properties within the range of live load 


stress variation 
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PROCEEDINGS PAPER 


Prestressing at Work 
in Underdeveloped Countries 


by Eric L. Dagseth* 


Presented at the Prestressed Concrete Institute Convention, 
Miami Beach, Florida, November 4, 1959 


During a period of ten years fol- 
lowing the end of World War II, | 
had the good fortune of working on 
civil engineering projects in South, 
East, and Central Africa, in Australia 
and New Zealand and in some coun- 
tries in that part of the world which 
is generally known as South East 
Asia. 

At the end of the war I found 
myself on the Continent of Europe 
as a Technical Intelligence Officer 
in the Royal Air Force. Among dis- 
coveries made, was evidence of the 
extraordinary power of resistance of 
prestressed concrete to aerial bomb- 
ing. I became so interested in this 
new method of construction that I 
decided to make a special study of 
it, and in due course I enjoyed the 
privilege of having as my instructors 
such men as Professor Gustave Mag- 
nel of Ghent University in Belgium 
and Professor Dischinger of Berlin. 

Upon my release from the Air 
Force in 1947, much of my work as 
a civilian involved the use of pre- 
stressed concrete abroad, mostly in 
the Far East. The rate of progress 
of prestressing in these far-away 
countries has been quite remarkable, 
particularly since the early nineteen 
fifties and up to the present time. 
Some of the countries just mentioned 
cannot be classified as “Underdevel- 
oped Countries.” It might, therefore, 
be useful to define this term for the 


* Engineer, Tuscarora Contractors 
Niagara Falls, New York 
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purpose of limiting the scope of this 
paper: 

An underdeveloped country is 
usually rich in natural resources. The 
general standard of living is never- 
the less very poor—especially when 
compared to the standard of living 
in the USA. Industrial production is 
practically non-existent. All construc- 
tion materials such as cement, steel 
and hardware must be imported. An 
underdeveloped country is often lo- 
cated in the Tropics. The reasons 
for this delay in development of 
available resources are many. 

Lack of local capital is one. 

Absence of technical and scientific 
know-how on a_ broad basis _ is 
another. 

Political instability is a third. 

The new Republic of Indonesia is 
a typical example. The Indonesian 
Islands are immensely wealthy in 
natural resources, such as oil and 
minerals. The agricultural potential 
is equally great. Political instability 
has, unfortunately, brought the Re- 
public close to economic ruin. For 
political and economic reasons the 
doctrine is now firmly established 
that assistance must be given to un- 
derdeveloped countries. One of the 
best ways of providing such aid is 
by means of construction, regardless 
of whether this forms part of the 
“Foreign Aid” program or whether 
it is financed through other arrange- 
ments. 

I am confident that everybody 
present will agree with me that any 
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efficient building program in an un- 
derdeveloped country should employ 
prestressed concrete construction to 
the greatest possible extent. 

Just consider what it means to 
transport all your construction ma- 
terials and equipment 6,000 to 8,000 
miles over the ocean to a port of 
entry where unloading facilities are 
often inadequate and always slow. 
Quite often all cargo has to be trans- 
ferred into barges or lighters and 
then rehandled onto the wharf. What 
this method of materials handling 
can do to cement in bags and to 
delicate machinery—when these two 
commodities get properly mixed—is 
enough to break the heart of the 
toughest project superintendent. 

Once on shore, the problem is to 
transfer the cargo to the construc- 
tion site. Sometimes there may be a 
railroad running in the general di- 
rection of the site, but clearances 
through tunnels and over bridges 
will often require dismantling of 
heavy and bulky machinery. Any- 
how, freight cars are few and far 
between so that transfer of cargo 
develops into a lengthy operation 
with a highly irregular schedule. 
Road transportation is an alternative 
—but quite often the road has to be 
built first. Rivercrossings are made 
by ferry or over bridges of doubtful 
load-carrying capacity. Occasionally 
transportation can be made by canal 
barges or river boats, and this often 
turns out to be the most practical 
and certainly the cheapest method. 

The transportation problem has 
been dealt with at some length in 
order to stress the importance of 
reducing materials handling to an 
absolute minimum. Here the advan- 
tage of prestressed concrete con- 
struction obviously proves itself by 
making it possible to reduce the 
weight of steel by 70 per cent and 


the volume of concrete by 25 per 
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cent as compared to quantities re- 
quired for ordinary reinforced con- 
crete construction. 

Another important characteristic 
of prestressed concrete is the very 
low maintenance required under se- 
vere climatic conditions, such as 
those often encountered in the Trop- 
ics. In this connection it may be 
worth mentioning that most con- 
struction work in the Tropics used 
to come to a complete standstill dur- 
ing the monsoon season. Production 
of prestressed concrete components 
can, however, continue without in- 
terruption throughout the rainy sea- 
son, provided proper protection is 
arranged for the concrete casting 
operation. Steam curing during this 
period is supplied free of charge by 
Mother Nature. 


Kallang Basin Bridge, Singapore 
Storage yard 


Kallang Basin Bridge, Singapore 
80 ft.—girder form 
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Having dwelt on some of the prob- 
lems encountered — in general, I 
would like to refer to specific ex- 
amples. I shall restrict myself to 
consider the South East Asia area 
only, and then in particular the fol- 
lowing countries: 

(1) Federation of Malaya 

(2) Singapore 

(3) Thailand 

(4) Vietnam 

(5) Cambodia 

(6) North Borneo 

(7) Brunei 

(8) Sarawak 

(9) Burma 

Considerable work has been done 
in The Philippines, Formosa and 
Hongkong, but no mention will be 
made of this at present. 


Some slides will illustrate “Pre- 
stressing At Work’, starting with 
Singapore. The first slides are taken 
from work on the Kallang Bridge. 
The contract was awarded on Christ- 
mas Eve, 1954, and the bridge was 
officially opened on August 17, 1956. 
The bridge is 2,000 ft. long and 65 
ft. wide, with bays 85 ft. wide. It 
is composed of 366 post-tensioned 
girders, each 80 ft. long. Cement for 
prestressed girders was Onoda ce- 
ment imported from Japan. 

Average concrete cylinder strength 
(at 28 days): 9,288 psi. Maximum 
concrete cylinder strength (at 28 
days): 11,500 psi. Coefficient of var- 
iation amounted to only 5.65 per 
cent, 

This shows that it is possible to 
achieve high quality concrete of uni- 
form strength under primitive con- 
ditions through strictly enforced con- 
trol of all concreting operations. 

These results obtained in Singa- 
pore have been confirmed by results 
achieved in Kuwait in the Persian 
Gulf and reported in Engineering 
News-Record in May, 1959. Here 
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Kuala Lumpar—Casting yard 


concrete produced with Onoda ce- 
ment reached an average strength of 
8.725 psi at 28 days. The work re- 
ferred to is a harbor construction 
job carried out by Kuwait Interna- 
tional in co-operation with American 
contracting firms. While work on the 
Kallang Basin Bridge was in prog- 
ress, a number of other projects were 
undertaken in Malaya, and a produc- 
tion line for pretensioned concrete 
was established at Kuala Lumpur. 

Prestressed beams and deckslabs 
were manufactured for Malayan 
Railways, together with prestressed 
piles. These piles were both of hol- 
low spun concrete pipe types with 
prestressing tendons embedded in 
the pipe wall and of octagonal and 
square cross section. Prefabricated 
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prestressed road _ bridges strong 
enough to take a fully loaded jeep 
became very popular for use on rub- 
ber plantations and in rice growing 
areas. Prestressed power transmis- 
sion columns and street lighting 
poles were also manufactured on a 
scale that kept several lines fully 
occupied on a permanent basis, with 
a very satisfactory backlog of orders. 


Thailand: 

A number of prestressed concrete 
bridges have been completed. Pre- 
stressed concrete piles have been 
used with very satisfactory results. 
Prestressed concrete components for 
buildings have been produced and 
there are plans for extensive produc- 
tion of prestressed concrete railroad 
ties for the Thai National Railways. 


Vietnam: 

Several structures in prestressed 
concrete were completed some years 
ago. Formerly this country was close- 
ly linked with France, and this re- 
sulted in an early introduction of 
prestressed concrete construction 
here. 


Burma: 

Prestressed concrete piles, pipes 
and building components have been 
shipped to Burma for neighboring 
territories. Plans for installation of 
production lines for pretensioned 
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concrete were well advanced in 
1956. Political unrest has delayed 
further development. 


Sumatra and Borneo: 

Prestressed piles for development 
of harbor installations and oil fields 
have been used to considerable ex- 
tent. Prestressed components were 
initially shipped in from Singapore, 
but this is no longer necessary. 


Cambodia and Laos: 

Prestressed concrete bridges are 
now under construction in these 
countries. The oil fields in Brunei 
and Sarawak have also recently 
made use of prestressed concrete in 
various forms. 

Something should be said about 
the prevailing attitude in America 
to foreign construction. Many com- 
panies are reluctant to accept con- 
struction jobs abroad on the grounds 
that financing of and payment for 
the work often develops into an ex- 
tremely complicated problem. Some 
comments on this aspect may, there- 
fore, be useful. 

Most major projects in underdevel- 
oped countries are usually sponsored 
by the local government, its Public 
Works Department or some other 
agency or commission. This pro- 
cedure presents some disadvantages, 
but many more advantages. Working 
directly for the Government means 
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that all material and equipment re- 
quired for that particular project 
may be brought in free of duty. En- 
try permits for personnel can be 
obtained without delay—and, most 
important of all: Any profits made 
on the project can, as a rule, be tak- 
en out of the country in U. S. cur- 
rency, whereas transfer of funds 
earned on projects not sponsored 
by the Government usually is sub- 
ject to severe exchange restrictions. 
Construction financed through the 
Foreign Aid program is much less 
exposed to uncertainties of exchange 
regulations. The Marshall Plan ini- 
tiated the tremendous program of 
overseas construction, followed by 
the Mutual Security Program. The 
International Bank for Reconstruc- 
tion and Development, also known 
as the “World Bank” has granted 
loans for nearly 3 billion dollars for 
construction around the world. 


The Kariba Dam in Rhodesia and 
the Tata Steel Works expansion in 
India and the Yan-Hee Power Proj- 
ect in Thailand are all financed 
through the World Bank. The Ex- 
port-Import Bank is financing proj- 
ects in Africa, Asia and the Middle 
East. 

The new Development Loan Fund 
—under the State Department— 
makes loans to private industries 
abroad, and projects in progress are 
located in India, Pakistan, Ceylon, 
Taiwan, the Middle East and South 
America. The International Cooper- 
ation Administration has recently 
come in for a great deal of adverse 
publicity. The manner in which 
Foreign Aid has been administered 
has been strongly criticized by pub- 
lications like the Wall Street Journal 
and by many prominent politicians. 
A radical change may, therefore, be 
expected soon, and it is hoped that 
this will put an end to inefficiency 
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wherever it may be found, and to 
graft and corruption among officials 
of the country which receives For- 
eign Aid. 

In order to carry a job overseas 
to successful completion, it is not 
necessary to transfer a large staff 
of experts from the USA to a foreign 
country. This has often been done in 
the past—and it is a particularly ex- 
pensive undertaking when these key 
men also bring their families and 
household effects and home comforts 
along. Most contracts can be com- 
petently managed by a handful of 
men who know their jobs and who 
preferably have prior knowledge of 
local conditions in the country, com- 
bined with a liking for and an under- 
standing of the people who live 
there. It is surprising how quickly 
local labor can be trained to perform 
a good job of work. Jobs with a 
steadily increasing degree of respon- 
sibility can then be given to local 
men who are chosen according to 
their talents. In this way it is re- 
markable how easy it is to promote 
good will and a favorable attitude 
towards the project, its personnel 
and its originators. 


Kuala Lumpar—Equip t 
and stockpiles 
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CONCLUSION: 

After having spent close to one 
third of my life working in under- 
developed countries, I am certain of 
this: The continued orderly econom- 
ic development of the Western 
World will require a rapid develop- 
ment of natural resources in under- 
developed countries. The ever in- 
creasing population pressure in these 
countries makes such development 
an immediate necessity. This de- 
velopment can only be_ brought 
about through outside assistance, 
that is through economic and tech- 
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nical aid from the United States, the 
British Commonwealth; Western 
Europe—or from Russia. I shall not 
go into political necessity of pro- 
viding so-called “Foreign Aid” to 
these countries. The present conflict 
of interest between the Western 
Powers on the one hand, and Russia 
on the other hand in these areas of 
the World is only too well known. 
In these circumstances I feel that 
construction—and particularly pre- 
stressed concrete construction— 
should form a significant contribu- 
tion to any effective “Foreign Aid 
Program.” 
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PROCEEDINGS PAPER 


Prestressed Concrete Projects in 


Alaska 


INTRODUCTION 


This paper as one of the last to be 
presented at this excellent convent- 
tion, is placed in an unenviable 
position. Some of the material which 
will be discussed and the type of 
construction to be presented is well- 
known standard practice, and has 
already been adequately covered 
during the convention. However, the 
rest of this discussion, notably that 
dealing with lightweight prestressed 
concrete, is not so well known and 
will be of particular interest. 

Before proceeding further, I 
should tell you, in order to avoid 
appearing under false pretenses, 
that I am not a resident of the 
great state of Alaska. In fact, my 
knowledge of Alaska is limited to 
about two years of residence there 
and some several more years ac- 
quaintance with bridge construction 
there through the medium of the 
Bureau of Public Roads. 


By David M. Goodall* 


Presented at the 
Prestressed Concrete Institute Convention 
Miami Beach Florida, November 5, 1959 


Eyak River Bridge 


The first prestressed concrete 
bridge to be constructed in Alaska 
was the Eyak River Bridge. It was 
constructed in 1954 by the Bureau 
of Public Roads under Alaska Forest 
Highway Project 32-A2. Bids were 
received on two alternate designs 
for the crossing. 


Alternate A consisted of ten 21-ft. 
treated timber trestle spans with 
pile bents, treated timber stringers 
and caps, and a reinforced concrete 
deck, plus one 45-ft. rolled beam 
span supported by treated timber 
pile bents and caps, and with a 
reinforced concrete deck. The road- 
way width was 24 ft., and the de- 
sign live load H15-S12. Three bids 
were received for this alternate 
with the lowest bridge cost being 
$95,374. 


Bid prices for the major items of 
work in Alternate A were: 


Alternate A 


Class A Concrete 

Reinforcing Steel 

Structural Steel 

Treated Timber 

Furnishing Treated Timber Piles 
Driving Treated Timber Piles 


* Chief, Western Bridge Design 
Bureau Public Roads 


70 


$200.00 per cu. yd. 
$0.24 per Ib. 

$0.36 per Ib. 
$500.00 per MFBM 
$2.65 per lin. ft. 
$90.00 each 
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Alternate B consisted of seven 
30-ft. prestressed concrete slab spans 
and one 45-ft. prestressed concrete 
slab span. The same 24-ft. roadway 
and H15-S12 live load was followed. 
Only one bid was received for this 
alternate with the cost of the bridge 
items amounting to $92,757. The bid 
prices for the major items of work 
were: 

45 ft. Precast Interior Slab Units 
—$1700 each (approx. $250 per 
cu. yd. of concrete including all 
prestressing and reinforcement ) 

30 ft. Precast Interior Slab Units 
—$1300 each (approx. $255 per 
cu. yd. of concrete including all 
prestressing and reinforcment) 

Treated Timber, Furnishing 
Treated Timber Piles, and Driv- 
ing Treated Timber Piles same 
as for Alternate A. 

Our design for Alternate B was a 
pretensioned hollow slab design us- 
ing 5/16-in. diameter straight strand. 
The contract was awarded to the low 
bidder on the basis of the prestressed 
slab design, alternate B, who prompt- 
ly proposed a change from the pre- 
tensioned design to a post-tensioned 
design using alloy steel bars (Stress 
Steel) and offering a reduction in 
cost of $5,000. Since this saving was 
clearly to the benefit of the govern- 
ment, the contractors proposal was 
accepted and a formal change order 
negotiated. The final saving then of 
Alternate B (prestressed slab super- 
structure ) over Alternate A (treated 
timber and structural steel stringers 
with reinforced concrete deck) was 
thus $7617. The final average cost 
of bridge was $14.34 per sq. ft. of 
roadway. 

Figures 1, 2, and 3 show a few 
details of this first prestressed con- 
crete bridge in Alaska and some of 
the design criteria. The project was 
satisfactorily completed and is serv- 


ing very well. The only trouble ex-— 
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perienced on the entire project was 
the breakage of a couple of the Stress 
Steel bars during the stressing. These 
bars broke at the end of the threads. 
They were immediately replaced 
with spares and no delay was ex- 
perienced. 


Kenai River Bridge 


In 1955 the Bureau of Public 
Roads completed an unusual pre- 
stressed concrete bridge, the second 
in Alaska. This was the Kenai River 
Bridge, Alaska Forest Highway Proj- 
ect 5-A5. It consisted of four 70-ft. 
prestressed concrete simple spans 
supported on concrete-encased rail 
steel pile bents. Our plans provided 
for post-tensioned I-shaped girders 
supporting either a cast-in-place or a 
precast deck. Precast curbs and pre- 
cast diaphragms were also used with 
the precast deck. The option of 
whether to use an all-precast super- 
structure or merely precast pre- 
stressed girders with the diaphragms, 
deck slab, and curbs cast-in-place 
was left to the contractor. 

Bids were opened in July 1954, 
and three contractors submitted pro- 
posals of $148,970, $215,160, and 
$281,478. Our estimate was $176,604. 
Each prestressed girder, complete in 
place, was bid at $3,100 by the low 
bidder, giving a cost per cu. yd. in- 
cluding prestressing and all rein- 
forcement of $306. The bid item for 
the deck slab and curbs was per 
linear ft. of reinforced concrete deck, 
and the low bid was $140 per lin. ft. 
This figure gives $229 per cu. yd. of 
concrete complete in place with re- 
inforcement included. Class A con- 
crete in the substructure was bid at 
$150 per cu. yd. and reinforcement 
steel at $0.25 per Ib. These contract 
prices are given as being illustrative 
of the high cost of bridge building 
in Alaska. 

Figures 4 and 5 give some perti- 
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nent details of the superstructure. 

Shortly after being awarded the 
contract, the contractor announced 
his election of using the precast con- 
crete deck option. At this time no 
consideration had been given to 
using light-weight concrete as the 
entire design was based and the con- 
tract awarded with natural aggregate 
concrete in mind. At a later date and 
after further investigation into the 
freight rates for water shipment from 
the U. S. to Alaska, the contractor 
requested consideration be given to 
the use of light-weight concrete in 
the precast diaphragms, slab units, 
and curb sections. No reduction in 
cost was offered the government for 
such a substitution, but it was deem- 
ed advantageous to us to at least 
consider it. 


Accordingly, the Bureau of Public 
Roads made a study of the con- 


tractor’s proposal. Although some 
light-weight prestressed concrete 
beams for buildings has been pro- 
duced at a plant in Portland, Oregon, 
there was little available data on the 
design of such members. We com- 
menced our study by accepting a 
tentative mix design from the sub- 
contractor for the beams and other 
precast elements, and then making 
three trial batches in which the ce- 
ment factor used was 8, 9, or 10 
sacks per cu. yd. of concrete. Ten 
test cylinders were made and tested 
for each trial batch (same aggregate 
proportions but with the three dif- 
ferent cement factors). Based on 
these tests, we approved the trial 
mix and selected the 9 sack per cu. 
yd. cement content. This mix gave 
28-day compressive strength some- 
what in excess of the design strength 
of 4,500 psi The approved mix was 
as follows (for a one cu. yd. batch): 


One Cu. Yd. Batch 
9 sacks Type 11 portland cement 


2 cu. ft. natural sand 


20 cu. ft. fine expanded shale aggregate (#4 minus) 

8.7 cu. ft. coarse expanded shale aggregate (3/8 in. minus) 
1/4 lb. Pozzolith No. 2 per sack of cement 

50 to 60 gal. added water, enough to give 2.5 to 3 in. slump. 


Following are the minimum, maximum, and average unit compressive 
strengths and unit concrete weights of the approved mix: 


Minimum 
Maximum 
Average (of 15 tests) 
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28 Day Strength psi 


Concrete Weight 
Lbs. per Cu. Ft. 


4,070 98 
5,730 106 
4,780 103 
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While the mix design was. being 
arrived at, we were evaluating the 
effect of the proposed change to 
light-weight concrete on the pre- 
stressed girder design. The matter of 
modulus of elasticity of the light- 
weight concrete and the losses in 
prestress were of primary concern. 
Fortunately Oregon State College 
had made a fairly comprehensive 
study of the characteristics of the 
light-weight concrete the contractor 
proposed to use, and had arrived at 
an empirical equation for E,.. This 
equation was E, = 750,000/250 f.' 
which results in an assumed E, of 
1,875,000 psi for the expanded shale 
light-weight concrete proposed 
= 4,500 psi). 

The probable losses in prestress 
were estimated by going back to the 
fundamental concepts. It is well 
known that losses in prestress may 
be divided into four categories: 

Shrinkage of concrete 

Elastic compression (deforma- 

tion) of the concrete 

Inelastic deformation (creep) of 

the concrete 

Inelastic deformation (creep) of 

the steel. 

One of the properties of the Lite- 
rock light-weight concrete studies by 
Oregon State College was shrinkage, 
and no significant difference was ob- 
served between the Literock con- 
crete and concrete manufactured 
from natural aggregates. We could 
thus assume that the linear shrink- 
age coefficient was 0.0002 inches per 
inch, a value commonly assumed for 
natural aggregate concrete. With an 
average value for E, of 28,000,000 
psi the resulting loss in prestress 
from concrete shrinkage would be 
5600 psi. However, remembering 
that these would be post tensioned 
girders and that some appreciable 
time would elapse between their be- 
ing cast and being prestressed, we 
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could assume a loss in prestress of 
about half this value, or say 3000 psi. 

The second and third losses in 
prestress are by far the larger ones 
and are also interrelated, so we will 
consider them together. The elastic 
deformation or compression of the 
concrete is a function of its modulus 
of elasticity and the unit stress to 
which it is subjected. If we define 
the average concrete unit stress at 
the level of the center of gravity of 
the prestressing steel as f,,, this stress 
will produce a strain or deformation 
(shortening) of the concrete of 
f../E,.. The prestressing steel will be 
strained (shortened) the same 
amount resulting in a loss of pre- 
stress of E,f../E,.. With E, = 28,000,- 
000 psi and E, = 1,875,000 psi, this 
loss was 14.9 f,,. Again these girders 
were to be post-tensioned, so that by 
making suitable allowances during 
prestressing (over tensioning) we 
could eliminate any assumed loss in 
prestress from elastic deformation of 
the concrete. It is generally agreed 
that the inelastic deformation (creep 
or plastic flow) of the concrete is in 
the order of 2.25 times the elastic 
deformation, or in our case 2.25 
(14.9) f.. or 33.5 f... This was rounded 
off to 33f,... A value of 0.04f,; is com- 
monly used for the inelastic deforma- 
tion or creep of the steel. 

For our proposed design, f,., aver- 
aged 1,500 psi, and f,, = 0.7f,’ = 
165,200 psi. Adding up all the losses 
in prestress we get 3000 + 33 (1500) 
+ 0.04 (165,200) = 59,100 psi. This 
loss is quite large and amounts to 
35.8 per cent of the initial prestress. 
There was some dissatisfaction on 
the part of the contractor because 
our evaluation of prestress losses 
exceeded his assumed loss. An ar- 
rangement was made with the Ore- 
gon State Highway Department to 
make some tests of Literock concrete 
and attempt to arrive at more ac- 
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curate losses in prestress for this 
material. These tests are recorded 
in the 1958 Proceedings of the High- 
way Research Board and this equa- 
tion is recommended therein for 
Literock expanded shale concrete in 
post-tensioned work: Loss in pre- 
stress = 8400 + 28,., + 0.04 f,;. The 
first factor, associated with the con- 
crete shrinkage, is more than double 
our value assumed for this project 
and does not agree too closely with 
the previous tests made by Oregon 
State College. However, it is one of 
the smaller prestress losses. The 
second factor, associated with the 
inelastic deformation of the concrete, 
is less than what we assumed, and 
the third factor is the same. Using 
the expression derived by the Ore- 
gon State Highway Department, our 
assumed losses in prestress would 
have been 57,000 psi a value quite 
close to what we had used. 
Fortunately there was enough 
depth in the original section of our 
girders so that we could increase 
steel somewhat. Also the contractor 
had selected the Freyssinet system 
of prestressing, and the required pre- 
stressing force shown on the plans 
for the natural aggregate concrete 
required five cables (12 wires 0.276 
in. diameter wire), but did not re- 
quire the maximum allowable load 
in each cable. This increase in ec- 
centricity of the prestressing steel 
and slightly greater prestress force 
offset the considerably greater as- 
sumed losses in prestress for the Lite- 
rock concrete. It was determined 
then that the cross section of the 
girder as originally detailed was 
satisfactory also for the Literock 
concrete, although there was more 
tensile stress in the top fibres under 
initial prestress and girder dead load. 
Additional mild steel reinforcement 
was provided to overcome this ten- 
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sile stress. 


A formal change order was negoti- 
ated with the contractor permitting 
light-weight concrete in all the pre- 
cast superstructure element. The 
provisions of the change order in- 


cluded: 


(1) Concrete design strength of 
4500 psi in prestressed girders 
and 3500 psi for diaphragms, 
deck slab units, and curbs. 

(2) Concrete unit weight of 100 
Ibs. per cu. ft. minimum 


(3) Satisfactory performance of 
two of the girders in a non- 
destructive load test to the 
allowable fibre stresses. 

Precasting all the superstructure 

elements and the prestressing of the 
girders was accomplished without 
great difficulty. Using the assumed 
E,., our calculated value for the 
girder camber under initial prestress 
and girder dead load was 1-5/8-in. 
Actual camber varied from 1-5/8-in. 
to 2-in., with most of the girders 
averaging about 1-3/4-in. Usually a 
completed group of the girders 
would be shipped within 10 days 
after completion. During this period 
there was no significant increase in 
camber. However upon arriving on 
the erection site, a time interval of 
over two months after being com- 
pleted had elapsed. During this 
period the camber practically dou- 
bled in the girders, and this 3-1/2-in. 
camber was very noticeable and 
made the application of an asphaltic 
concrete leveling and wearing course 
mandatory. We had fully intended to 
apply the wearing course, but the 
large increase in camber had not 
been anticipated. Little could be 
done to level up the curb line, but 
we did set the hand rail to proper 
grade by slotting the bolt holes for 
the posts. 


Fearing further increase in camber 
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we made observations and took pro- 
files across the bridge at three-month 
intervals for a period of over a year 
after the completion of the project. 
There has been no further increase 
in camber. We believe this objection- 
able increase in camber would not 
have occurred if the girders had 
been erected and the rest of the 
permanent dead load applied within 
a more reasonable period of time. 
Top and bottom fibre stresses in the 
girders under final prestress plus gir- 
der dead load were +17 and +1334 
psi respectively. Top and bottom 
fibre stresses at midspan under final 
prestress and girder plus roadway 
slab dead load were +701 and +746 
psi respectively. Under the latter 
condition, the stress is almost uni- 
form over the girder section at mid- 
span, and since several of the five 
cables in each girder were draped 
this condition existed over the entire 
girder. When the prestress plus 
permanent dead loads produces such 
a stress condition, there can be little 
change in camber. 

An evaluation of the practicability 
of this all-precast superstructure 
might be of interest. As a result of 
our experience on this project and 
two smaller ones (conventional re- 
inforced concrete stringers with pre- 
cast concrete deck), it can be said 
that this method of construction is 
certainly feasible. However, there 
were minor difficulties that 
arose during the precasting, ship- 
ment, handling, and erection of the 
different units. A great deal of effort 
was expanded to maintain precise 
dimensions, to position and hold 
embedded items in their proper 
places, to locate the bolt holes, and 
to maintain true voids for the cables. 
Nevertheless, the correction of slight 
misfits, overages in dimensions from 
normal spreading of the wood forms, 
and the repair of damage to the 
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members from shipment and han- 
dling was time-consuming and cost- 
ly. The erection period was spread 
over a span of about six weeks; 
however, only about one-third this 
time was actually spent on erection 
as there were many delays from non- 
availability of material at the site. 
We obtained a sound and satisfac- 
tory structure which is serving ade- 
quately. (Fig. 4) There is no reser- 
vation on the use of precast or 
prestressed girders as these members 
are large and not susceptible to mi- 
nor damages during shipment and 
erection. The same cannot be said for 
the diaphragms, deck slab units and 
curb units used in the Kenai River 
Bridge. Bent slab steel projecting 
from the slab units caused much 
spalling of the concrete cover, many 
chipped and broken corners and 
edges occured during shipment and 
handling; and there was consider- 
able damage also to the shear keys 
along the edges of the slab units. 
All these minor damages were re- 
paired at the site, but the value of 
such repair is open to question to 
say the least. It is my personal opin- 
ion that the use of precast dia- 
phragms and slab and curb units, 
while perfectly feasible, is hardly 
worth the effort. 


Copper River Highway 


Bids were received and a contract 
was awarded in 1954 for the con- 
struction of a 16-mile section of the 
Copper River Highway near Cor- 
dova, Alaska. This was really a re- 
construction project as the route 
followed the alignment of an aban- 
doned spur of the Alaska Railroad. 
Structure work involved was very 
extensive accounting for about 75 
per cent of the 2-3/4 million dollar 
contract total. 

The route followed the Copper 
River and there were many tributary 
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streams to be crossed. Where possi- 
ble to do so the existing railroad 
bridges were rehabilitated, redecked, 
and used. Where the existing rail- 
road bridges had been lost or were 
beyond economical repair, new 
structures were built. Thirty spans 
30 ft. long, seven spans 37 ft. long, 
fifty-six spans 40 ft. long, and 40 
spans 60 ft. long were designed for 
prestressed concrete or composite 
rolled beam spans. The results of 
the bidding were inconclusive. Some 
bidders quoted lower figures for the 
composite steel spans, while others 
quoted lower bids for the prestressed 
concrete spans. The low bidder for 
the entire project had the compo- 
site rolled beams spans in the group- 
ing which made the low bid and 
the contract was awarded on this 
basis. His contract prices for the 
deck concrete in the composite beam 
spans was $170 per cu. yd., and 
structural steel price $0.37 per Ib. 
complete in place. 

A cost differential of about $89,- 
000 existed between the composite 
steel concrete spans and the pre- 
stressed concrete girder spans, with 
the composite steel spans being the 
less costly. When the cost of sub- 
sequent painting of the structural 
steel was taken into account, the 
overall cost of the prestressed con- 
crete girder spans would have been 
the more favorable. However, the 
total cost of the entire project ex- 
ceeded our estimates so that it was 
touch and go whether we could pro- 
ceed at all. Under these conditions 
it was felt that accepting the alter- 
nate with the lowest first cost was 
the best thing to do. 

During the planning of the work, 
we had to make every effort to make 
the prestressed concrete alternate 
competitive with the composite steel 
alternate. Exactly the same cross 
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section was used for the 30, 37, and 
40-ft. spans with only the amount 
of prestress force being different for 
each span length. This section was a 
T section with longitudinal shear 
keys between units and no cast in 
place deck concrete. All units were 
tied together with one 1-in. diameter 
tie rod at midspan. The cross section 
for the 60 ft. spans was also a T with 
bottom and top flange width and 
thickness the same as for the shorter 
spans but overall depth increased by 
6 in. All T girders were designed as 
post tensioned members, however 
the specifications permitted preten- 
sioning at the contractor’s option and 
subject to our approval. The results 
of the bidding were quite close and 
even though the composite steel al- 
ternate was constructed we felt that 
our efforts had not been in vain. It 
is probable that even higher unit 
prices for the structural steel would 
have resulted without the prestressed 
alternate. 


Copper River Highway 


In 1956 bids were received for the 
construction of another section of the 
Copper River Highway. Several 
trestle type bridges over small 
streams were included in this project, 
a total of 26 spans 25 ft. long. This 
time we really opened the field for 
competition by having five alternate 
types of superstructure and one 
common type of substructure. The 
bid item for the superstructure was 
“Trestle Span, Complete, 25 ft. 
length”. Precast concrete stringers 
with cast in place concrete decks, 
pretensioned, prestressed concrete 
slab spans, post-tensioned pre- 
stressed concrete slab spans, pre- 
stressed concrete stringers with cast- 
in-place decks, and structural steel 
stringers with cast-in-place decks 
were the five alternates. The bidder 
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merely noted which alternate he was 
proposing to construct, and gave the 
lump sum price bid per span of 
superstructure. Again the structural 
steel stringer spans with the cast in 
place decks were chosen by the con- 
tractor submitting the low bid for 
the overall project and were con- 
structed. Six bids were received and 
each alternate superstructure type 
was selected by at least one bidder 
except the precast concrete stringer 
spans with cast in place decks. 

This was really an astonishing 
development as we believed the 
precast concrete stringer spans with 
the cast-in-place decks would be the 
type selected by most of the bidders. 
We had previously constructed over 
a mile of this type of trestle bridge 
on the Turnagain Arm project in 
Alaska and had received most favor- 
able comments from the contractors 
regarding the ease and simplicity 
of the construction. The precast con- 
crete stringers were rectangular in 
section, comparatively light in 
weight when compared to the slab 
or prestressed girder spans, and re- 
quired no elaborate plant or equip- 
ment. Prices bid for the different 
alternates for a 25-ft. superstructure 
span with 24-ft. roadway were: 

Precast concrete stringer spans, 
no bid. 
Structural steel stringer spans, 

2 bids at $5,300 each. 

Pretensioned prestressed con- 
crete slab spans, 1 bid at $8,000. 

Post-tensioned prestressed con- 
crete slab spans, 1 bid at $11,000. 

Prestressed concrete stringer 
spans, 2 bids at $6,350 and $7,200. 


Christochina River Bridge 

All of the projects discussed brief- 
ly so far have been designed by the 
Bureau of Public Roads and either 
constructed by the Bureau or by the 


Alaska Road Commission. In 1954 
the Alaska Road Commission re- 
ceived bids and awarded a contract 
for the construction of two practi- 
cally identical bridges only a few 
hundred feet apart across the Chris- 
tochina River on the Richardson 
Highway. The project had been 
designed by the Alaska Road Com- 
mission and each of the two bridges 
was 330 ft. long and had six 55-ft. 
spans. A design live load of H20 and 
24 ft. roadway was used. 

A common and identical substruc- 
ture design was used, but two types 
of superstructure were shown on the 
plans. One was composite structural 
steel rolled beam stringers, and the 
other was post tensioned prestressed 
concrete T girders with no cast-in- 
place concrete except small longi- 
tudinal shear keys between units. 
One would expect that with these 
longer but still moderate spans that 
prestressed concrete might give a 
better account of itself. However, 
when the bids were opened the 
composite structural steel and con- 
crete alternate emerged the winner 
by a total of $106,000 on the two 
bridges. The structural steel people 
need not have been quite so afraid 
of their competition as they ap- 
parently were, although the govern- 
ment benefited by enjoying the 
lowest structural steel prices that had 
been received in years ($0.24 per 
lb., complete, in-place ). 

This rather poor record to date 
for prestressed concrete bridge con- 
struction in Alaska (two projects 
constructed, three major projects 
falling to competitive types, all 
structural steel stringers) is very 
different from experience in the con- 
tinental U. S. The only explanation 
I can offer is that in the past no 
facilities existed in Alaska for the 
plant prefabrication of prestressed 
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concrete members. Even had such 
facilities existed, the difficult terrain 
and poor transportation facilities 
militate against the prefabrication 
of large and heavy prestressed con- 
crete members. Both of the bridge 
projects employing prestressed con- 
crete constructed to date in Alaska 
have been post-tensioned, Freyssinet 
cables being used for the one, and 
Stress Steel bars for the other. It is 
my opinion that post-tensioned con- 
crete bridge members will gain in 
favor in Alaska in the areas where 
plant prefabrication and pretension- 
ing is not feasible. Where such plant 
prefabrication and pretensioning is 
feasible, i.e. where hauling distances 
and transportation facilities are fav- 
orable, then the use of pretensioning 
should increase as has been the ex- 
perience in the U. S. 


Other Types of Construction 


All of the previous discussion has 
been concerned with bridges, as 
might be expected from a bridge 
engineer. You no doubt have a ques- 
tion in your mind about the use of 
prestressed concrete in Alaska on 
other types of construction. As of 
this date pretensioned prestressed 
concrete T sections have been used 
in the roofs of five buildings con- 
structed in the Anchorage area. The 
aggregate area of these roofs is 31,- 
400 sq. ft. A tee section with a flange 
width of 6 ft. and a uniform depth 
of 12 in. for the shortest spans (30 
ft.), and a 28 in. depth for the long- 
est spans (80 ft.) with 7/16-in. 
seven-wire strand, was used. In place 
costs for the roofs of these ware- 
house type buildings varied from 
$2.00 to $3.00 per sq. ft. depending 
upon the span. 

Several additional buildings to be 
constructed in the Anchorage area 
are now in the design stage, and 
pretensioned prestressed concrete 
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members will be shown on the plans 


(at least as an alternate) for roofs 
and floors. 


Prestressed Concrete Plants 


At the present time there is only 
one plant capable of manufacturing 
prefabricated pretensioned prestress- 
ed concrete members in the entire 
State of Alaska. This plant is located 
at Anchorage. It has a 210-ft pre- 
stressing bed and the abutments can 
withstand the force from 32 strands 
of 7/16-in. diameter. Steel forms are 
available for producing either 6-ft. 
wide single T building members or 
4-ft wide T bridge members in 
depths from 12 to 36 in. Stressing is 
done by a 200-ton center hole ram. 
The steel forms are insulated and 
curing may be accomplished by a 
hot oil heating system. This plant has 
plans for doubling the length of its 
present bed when the business war- 
rants the expansion, and has a 20- 
acre site for stockpiling their finished 
products. 


CONCLUSION 


When compared to the prestress- 
ing industry here, the present status 
of the industry in Alaska is modest 
indeed. From this small beginning, 
however, it is almost a certainty that 
wider and wider use will be made of 
prestressed concrete products there. 
There is an abundant supply of good 
quality concrete aggregates, and 
Alaskans will find it most desirable 
to utilize their local materials and 
their own labor, rather than spend 
a goodly share of their construction 
dollar away from their own state. 
As more and more contractors are 
exposed to the use of prestressed 
concrete it will lose its mystery and 
more favorable prices should be 
realized. 
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RUSSIA 


Instructions on the design of prestressed concrete structures (SN 10-57) 
published by the State Committee of the Council of Ministers of the 
U.S.S.R. on Building, Moscow 1958. In these instructions (SN 10-57) 
directions are given for designing prestressed concrete structures, including 
design calculations and directions for construction. 

Research on the shear resistance of concrete, reinforced concrete, and 
prestressed concrete beams by V. V. Mikhailov 46 pages 
Research on stressing cement by S. L. Litver and A. N. Popov. This paper 
gives a brief history of research in the U.S.S.R. on stressing cement and 
discusses the basic requirements for such cement used in self-stressing 
concrete. 42 pages 
Research on the self-stressing of reinforced concrete units manufactured 
with stressing cement 

by G. I. Berdichevskii and S. L. Litver 

This report covers the self-stressing of concrete units, both when their 
expansion is mechanically limited and when it is unimpeded, and des- 
cribes a method of assessing the effect on the energy qualities of stressing 
cement due to its bonding characteristics during the process of curing when 
the cement is expanding. 47 pages 
The development of the technique of producing and testing pressure pipes 
from self-stressing reinforced concrete 

by A. N. Popov and S. L. Litver 23 pages 
Research on the fire resistance of prestressed concrete structures 

by A. A. Svetov 

This paper describes research that has been carried out over a number of 
years by the Central Industrial Structures Research Institute and by the 
Central Fire Protection Research Institute on the fire resistance of a series 
of precast prestressed and reinforced concrete floor slabs. As well as the 
fire resistance of these slabs the causes of failure and the basic factors 
affecting the fire resistance of a structure were investigated. 41 pages 
Research on spirally prestressed columns 

by F. E. Gitman 

The paper compares various methods of reinforcing concrete columns 
and then gives details of tests that have been carried out on solid and 
thick-walled hollow columns prestressed spirally with high-tensile steel 
wire, the distance between each spiral being 1.5-3 cm. 32 pages 
Precast prestressed panel silos for storing agricultural products 

by B. A. Kalaturov and E. A. Luchnina 

The design, manufacture and construction, and testing of agricultural silos 
made of precast prestressed concrete panels are discussed. 22 pages 
Research on the action of prestressed industrial roofing beams consisting 
of continuously reinforced units 

by I. V. Dimitriev 

The paper discusses prestressed concrete roofing consisting of two or three 
continuously reinforced units linked by metal joints, with spans of 12-24 m. 
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33-10 The avoidance of warping in revolving casting beds (wagonette type) used 
for the production of large panels 
by B. L. Skliov 
The author describes a method of correcting deformation in the surfaces 
of revolving casting beds used for the production of large precast pre- 
stressed concrete panels. 
33-11 IVth Session of the Academy of Building and Architecture of the U.S.S.R. 
1056 pages 


ENGLAND 


37-1 A visit to Denmark and Sweden | 
Describes a visit organized by the Northern Ireland Regional Committee 
of the Prestressed Concrete Development Group to Stockholm and Copen- | 
hagen. | 
37-2 ana loading on composite slab bridges 
by B. C. Best and R. E. Rowe 
reprinted from Research Report No. 7. October 1959. 
Tests on a series of composite slab bridges are described and the results 
analysed. The bridges incorporated precast prestressed inverted T-beams, 
in situ concrete of different qualities and mild-steel transverse reinforcement 
of different amounts. 
37-3 The behaviour of prestressed concrete I beams under combined bending 
and torsion 
by R. P. M. Gardner 
This report describes one of a series of tests in a programme to investigate 
the behaviour under combined bending and torsion of prestressed concrete 
beams of various cross-sections. The experimental details have been given 
fully in order that further series may be reported more concisely. 


JAPAN 


37-4 Journal of Japan Prestressed Concrete Engineering Association. Vol. 1, 
No. 3. July 1959. Includes the following Articles. 

37-5 Trend of cast in place structures towards assembled, monolithic structures 
by Shizuo Ban 

37-6 Double tee slabs ideal for building construction 
by Masami Kawamura 

37-7 Fire resistance tests of prestressed concrete beams and slabs 
by Kunio Kawagoe 
Fire resistance tests were carried out on prestressed concrete beams and 
slabs, two on post-tensioned beams 3 m long, two on pre-tensioned T beams 
3 m long, and two on pre-tensioned double T roof slabs 5 m long. 

37-8 The experimental study of the load distribution on the double tee slab 
floor 

by Takeshi Okamoto 


NETHERLANDS 


37-9 Two viaducts of prestressed concrete in National Highway No. 12 
by M. Ch. J. van der Weijden 8 pages 
37-10 Platform prestressed in two directions with pre-tensioned steel. 
by J. W. Kamerling 
The platform slab described was constructed by using the concrete working 
floor as a “reaction block” in order to induce prestress. 
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37-11 Paper mill of N. V. Philips at Eindhoven 
by K. J. Kokje 
Various considerations (high relative humidity, slightly aggressive environ- 
ment, heavy machinery, short building time) have led to the adoption of 
concrete as a building material. 

37-12 Factory building of Messrs Wijnmalen & Hausman N. V. 

by P. A. Hofman 


3 pages 


SPAIN 


37-13 Proposed standards for the manufacture and erection of prestressed con- 
crete beams. 

37-14 Bridge over the river Lay 

The bridge across the river Lay (France) is notable for its three prestressed 

prefabricated beams, each 30 m long. 


JAPAN 


38-1 Journal of Japan Prestressed Concrete Engineering Association 
Vol. 2, No. 1. February 1960 
38-2 On the shear strength of prestressed concrete beam 
by Dr. Eng. Kiyoshi Okada 
Studies recently made by several researchers on the shear strength of 
prestressed beam are reviewed briefly. 
38-3 Concrete proportion for prestressed concrete beams in Osaka Kanjyo-line 
by Mitsuhiko Yokota and Yoshiro Horiuchi 
38-4 Prestressed concrete railway bridges in Japan and Europe 
by Dr. Eng. Kazuo Tomonaga, Teruo Kawaguchi, Juro Kodera and Isao 
Noguchi 
38-5 Test of a continuous prestressed concrete slab 
by Seiji Kokusho 
This is the summary of a report on a continuous prestressed concrete slab 
tested by Professor T. Y. Lin, Professor A. C. Scordelia, and Mr. R. Itaya 
in the University of California, Berkeley, California, U.S.A. 


NETHERLANDS 


38-6 Prefabrication of concrete (I) 
by A.S.G. Bruggeling 
(After an introduction in which it is stated that prefabrication is an old 
concept, the necessity and advantages of a limitation of types and standard- 
ization are thoroughly emphasized.) 

38-7 Precast concrete profiled and pierced slabs 

38-8 Calculations according to Cross’ method effected by electronic computer 
by Ir. D. Keijzer 

38-9 Prestressed concrete for airfields 
by Ir. J. B. S. Huizing 

38-10 New building systems for dwellings: II. The ‘Muwi’ system 
As part of the series ‘New building system for dwellings’, the ‘Muwi’ stack- 
ing constructional system is treated in this article. 

38-11 New developments in the B.B.R.V. prestressing system 
by P. Warmenhoven 

38-12 Design and building of structures pertaining to Highway No. 4A (Amster- 
dam) Burgerveen—Rijskijk (Rotterdam) 
by J. Wever 

38-13 Vibration problems in prestressed concrete 
published by Netherlands Committee for Concrete Research (C.U.R.) No. 17 
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FRANCE 


38-14 Experimental prestressed concrete taxiway at Melsbroek 
by M. D. Vandepitte 
38-15 The problem of prestressed concrete roads and runways 
by M. F. Riessauw 
38-16 Design and construction of two cantilevered prestressed concrete road 
bridges over the Albert Canal 
by J. M. Pappaert 


SPAIN 


38-17 A basis for international standards relating to prestressed concrete 
by A. Paduart 

38-18 Twin Bridges over the river Salado, New Mexico 

38-19 Post-tensioned tanks made of precast units 
by Carlos Barredo 


SOUTH AFRICA (Printed in English) 


38-20 The grouting of prestressed cable ducts 
by V. R. Boardman 
A description is given of the methods used to determine the properties 
of grout mixes so that their suitability for injection into prestressing ducts 
can be assessed. 
38-21 Some thoughts on the ultimate strength of prestressed concrete 
by Professor R. G. Robertson 
38-22 Stressed raising of dams 
by P. Parry-Davis 
38-23 Progress in prestressed concrete structures in Southern Africa 
by A. Marcham 
38-24 Philosophy of direct design 
by Alslog, Blitheway, and Cusdwright 
38-25 Prestressed concrete pipes and poles 
by B. P. Van Rooyen and D. J. Stern 
38-26 Some aspects of the construction of prestressed concrete cylindrical tanks 
in Southern Africa 
by J. Hollinghead and A. L. Pogson 
38-27 The “101” F. S. Sleeper: fist fastening 
by M. V. Folchi Vici 
38-28 Manufacture of prestressed concrete sleepers 
by L. Gillooly 
38-29 Types of contract employed for prestressed concrete construction 
by D. F. Osborn 


ENGLAND 


38-30 A concrete hyperbolic paraboloid roof 
A description is given of a hyperbolic paraboloid roof over a garage in 
Lincoln 
38-31 An unusual roof structure 
Details of a precast monitor roof under construction on a Battersea factory. 
38-32 The behaviour of simply supported skew bridge slabs under concentrated 
loads 
by K. E. Robinson 
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RUSSIAN 


38-33 The distribution of stresses near the cavities in the webs of prestressed 
concrete beams 
by G. I. Berdichevskyi, U. V. Dmitriev 

38-34 Concrete made with *% in. maximum size aggregate for units with narrow 
sections 
based on an article by I. M. Miriev 

38-35 Load-bearing capacity of flexible eccentrically compressed reinforced con- 
crete columns 
by E. A. Chistyakov 
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-STRESSTEE 
to this Engig 


& ; a 
Zaza River Bridge—Comision de Fomento Nacional, Cuba. This unique bridge, just completed in 
Las Villas, for the first time uses precast and post-tensioned concrete to form cantilever trusses. 


Mario G. Suarez—Arango y Salas, Designers and Engineers. Cia. Territorial y Constructora Celo 
S. A., Contractor. 


THE PROBLEM: How to prestress and assemble 
precast sections for a 300’ canti- 


lever concrete truss bridge with maximum efficiency and minimum cost. 


| THE SOLUTION: First, use STRESSTEEL Bars to post- 
tension the vertical legs of each 


precast panel. Next, use STRESSTEEL Bars to form the top chord of each panel! 
and hold the truss together during erection and pouring of bridge deck. Finally, 
with additional STRESSTEEL Bars, post-tension the entire assembly of panels 
through the bridge deck to form an integrated truss. 


. 


Above—tTruss panels precast at jobsite, 
one-on-top-of-other for accurate 
duplication. 


Right—Assembling truss panels, with 
STRESSTEEL Bars forming the top chord of 
each truss 


You will achieve superior results at substantial savings with STRESSTEEL because it is... 
@ Low in initial cost @ Easy to tension 


: @ High strength alloy steel @ Low in labor cost 
Write for Technical Bulletin #1 Member—Prestressed Concrete Institute 


STRESSTEEL CORPORATION 
s 221 Conyngham Ave. . Wilkes-Barre, Pa. 


Sales Offices: Minneapolis — San Francisco —— Havana 


Problem 
i ® 
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The number one choice 
for the pre-stressed 
industry! 


THE SMITH “TYPE MIXER 


The Smith Turbine Mixer— proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer 
that can be easily installed in your batching operation. 


If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 


Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What’s more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine. 


Investigate the Smith Turbine. Write or call — we'll gladly 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. 


Making dollars and sense in over 100 successful installations! 


Since 1900, the pioneer designer and foremost 
manufacturer of the world’s finest mixers 


THE T.L. SMITH COMPANY 


Milwaukee 1, Wisconsin « Lufkin, Texas 


Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 
A9-4073-A 
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DISCUSSION 
By Eduard Luss 
Consulting Engineer, Independence, Mo. 
COMPARISON OF COLD-DRAWN STRESS-RELIEVED WIRE 


By Karl H. Middendorf 
(March 1960, Journal) 


do not think that the author im- 

proves the elastic qualities of 
the material. Stress relieving cannot 
be accomplished by coldworking 
and all that is done is that the ul- 
timate strength is increased at the 
expense of elasticity as measured 
by the percentage of elongation. The 
stress-strain curve becomes steeper 
but the material at failure shows 
brittle characteristics. 

Overstretched steel will increase 
the ultimate strength of the beam 
provided it is under-reinforced. But 
we are more interested in working 
loads than ultimate loads, so the 
prestrestretching of cold drawn, not 


stress relieved wire, has no signifi- 


September, 1960 


cance. As a matter of fact, too much 
overstretching will cause the wire to 
snap instantly on bends that would 
not otherwise be considered sharp. 
For this reason some highway de- 
partments limit the bends for such 
wire to + 2°, especially at anchor- 
ages. There is also a danger in inex- 
perienced handling of such wire. 
Cold drawn wire (if not stress re- 
lieved) should be used as it comes 
and a proportional limit of 144,000 
psi is satisfactory for an effective pre- 
stress of 0.6 of the ultimate. 

It would be interesting to know 
how such wire takes button heads. 
Does it split? 
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CURRENT PCI PUBLICATIONS 


Title 


SPECIFICATIONS FOR PRETENSIONED PRESTRESSED CONCRETE 
(Tentative 4 pages — 35c per copy 


STANDARD PRESTRESSED CONCRETE BEAMS FOR HIGHWAY BRIDGE SPANS 


Number 
SPC-100-571 


STD-101-57 


30 FT. TO 100 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


SPECIFICATIONS FOR POST-TENSIONED PRESTRESSED CONCRETE 
(Tentative) 4 pages — 35c per copy 


PCI STANDARDS FOR PRESTRESSED CONCRETE PLANTS (Tentative) 
12 pages in covers — $1.00 per copy (50c to PCI Members) 


UNDERWRITERS’ LABORATORIES, INC. REPORT R-4123-1. 
May 12, 1958 — PRECAST FLOOR OR ROOF DOUBLE TEE SLAB 
24 pages in covers — $2.00 per copy ($1.00 to PCI Members) 


TYPICAL PRESTRESSED CONCRETE PRODUCTS 
20 pages in covers — 10c per copy 


PROCEEDINGS FOURTH ANNUAL CONVENTION PRESTRESSED CONCRETE 
INSTITUTE 1958. 162 pages in covers — $5.00 per copy ($2.50 to PCI Members) 


STANDARD PRESTRESSED BOX BEAMS FOR HIGHWAY BRIDGE SPANS 
TO 103 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


STANDARD PRESTRESSED CONCRETE SLABS FOR HIGHWAY BRIDGE SPANS 
TO 55 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


INSPECTION OF PRESTRESSED CONCRETE. Revised Edition. $1.00 per copy 
(50c to PCI Members) 


Subscription to PCI Journal at $6.00 per year (4 issues) 


Back copies of PCI Journal available to PCl Members at $1.00 per issue 
and $2.00 to non-Members 


Subscription to PCltems at $2.50 per year (12 issues) 


PCI Membership Directory at $10.00 per copy ($1.00 to PCI Members) 


Orders for all PCI Publications should be addressed to 


PUBLICATION OFFICE 
PRESTRESSED CONCRETE INSTITUTE 
205 West Wacker Drive, Chicago 6, Ill. 


SPC-102-58T 


STD-103-58T 


R-104-58 


STD-105-58 


PRO-106-59 


STD-107-59 


STD-108-59 


INS-109-60 


Check or money order should accompany order and be made payable to: 


PRESTRESSED CONCRETE INSTITUTE 
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APPLICATION FOR MEMBERSHIP IN THE PRESTRESSED CONCRETE INSTITUTE 


(A non-profit corporation) 


| am applying for membership in the classification checked: 
[) ACTIVE (producer). 
Engaged in the following types of prestressing: 


___Post-tensioning 
ACTIVE MEMBERSHIP DUES (annually) 


_—Pretensidning 
Based on Annual Prestress Business 


___Combination of both 
$250 for $ 100,000 or less $650 for $1,500,001 to $2,000,000 


: a 350 for 100,001 to 500,000 750 for 2,000,001 to 2,500,000 
——On-the-job post-tensioning 450 for 500,001 to 1,000,000 850 for 2,500,001 to 3,000,000 
550 for 1,000,001 to 1,500,000 950 for 3,000,001 to 3,500,000 


__.On-the-job pretensioning 
$100 additional for each additional $500,000 


__Precasting ——Design 


[-] ASSOCIATE (related business). Membership Dues: $250.00 annually. 


| am in the business of: 


[-[] PROFESSIONAL (registered architect or engineer). Membership Dues: $25.00 annually. 
| hold Certificate No of the State of. 


[] AFFILIATE (non-professional personnel). Membership Dues: $15.00 annually. 
[] JUNIOR (limited to architects and engineers in training). Membership Dues $15.00 annually. 


[J STUDENT (limited to students of accredited schools of architecture or engineering). 


Name of School 
Membership Dues: $10 annually. Outside continental U.S.A. including Canada: $12 annually. 


ACTIVE 
NAME OF COMPANY APPLYING FOR ASSOCIATE MEMBERSHIP 


ADDRESS 
CITY. STATE 
NAME OF REPRESENTATIVE IN INSTITUTE AFFAIRS 


APPLICANTS FOR PROFESSIONAL, AFFILIATE, JUNIOR AND STUDENT MEM- 
BERS PLEASE FILL IN BELOW: 


NAME 
YOUR MAILING ADDRESS 
CITY. STATE 
COMPANY AFFILIATION POSITION 
DOES COMPANY MANUFACTURE PRESTRESSED CONCRETE? 


Date Signature 


Make no payment until application is approved. Dues will be prorated from 
April 1 for all classifications. 


PRESTRESSED CONCRETE INSTITUTE 

= 


PRINT IN BINDING 


3400 ITEMS 316 PAGES 
1500 ILLUSTRATIONS 


ASTM and AASHO 
REFERENCE INDEX 


SOILS © CONCRETE 
AGGREGATES 
BITUMINOUS MATERIALS 
MOBILE TESTING 
LABORATORIES 
DRILLING AND SAMPLING 
GENERAL LABORATORY 
EQUIPMENT 


4711 West Avenue 
* Chicago 39, Illinois - 
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INDEX TO ADVERTISING 


Bethlehem Steel Co. 

Colorado Fuel & Iron Corp. 

Food Machinery & Chemical Co. ...... 3rd cover 
Kurt Orban Co., 

Laclede Steel Co. 

Leschen Wire Rope Div. H. K. Porter Co. 10-11 
Lone Star Cement Corp. 

Master Builders Co. 

Plant City Steel 2nd cover 
John A. Roebling’s Sons 

52-53 
Sonoco Products Co. 

Stressteel Corp. 

Vibro Plus 


CONCRETE 
TESTERS 


The world’s finest low- 
cost preciston testers. 


For 
CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


If it’s a concrete tester 
you need—get in touch with 


FORNEY 'S, Inc. 
TESTER DIVISION 
'P.O.BOX 310 NEW CASTLE, PA. 
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longer service 


Time is what you save when you cast pre- 
stressed members with FMC’s new line 
of steel forms for 1960. Time in terms of faster 
stripping, faster resetting and fewer man hours 
per job. FMC has introduced many refinements 
to the pioneer line of steel forms, refinements 
that make them now, more than ever, the way 
to cast—at a profit. New form-lock for fast and 
perfect alignment, and new tilt back-designed 
forms for quick product removal are only a few 
of the features that make Form-Crete forms 
your best bet. Clip the coupon and get the full 
story from your local Form-Crete man now! 


= [rere 


w 1960 Form-Crete steel forms feature easier stripping, more handling speed, 


FOOD MACHINERY AND CHEMICAL —— 
Form-Crete Department - Lakeland, Florida 


Gentlemen: Please send me your latest catalog on Form-Crete iia 
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Putting Ideas to Work 


Form -Crete Department 


FOOD MACHINERY 
AND CHEMICAL 
CORPORATION ® 


General Sales Offices: Lakeland, Florida 


FOR USE with any acceptable 


ype of prestressing in cur- 
rent practice, the Form-Crete 
fridge Beam form complies 
ith joint P.C.1.~AASHO—rec- 
x vendations. Form lengths 

" 10 foot sections, combina- 
hens up to 60 feet. 


HOLLOW PILINGS are easily 
cast in these octagonal piling 
forms by use of tubing and 
piling headers. Unique tilt 
back design permits fast, easy 
product removal, cleaning and 
oiling of forms. 


CHANNEL FORMS, with pat- 
ented form-locks, which allow 
sides to flex for quick and easy 
removal of product. Self-con- 
tained channel understruc- 
ture insures extra rigidity and 
strength in this outstanding 
form. 


FORM-CRETE LEDGER BEAM 
FORMS provide fast, accurate 
casting of roof support beams. 
Riser blocks can be employed 
to vary depth of beam; forms 
are lock-up type with rein- 
forced self aligning pilotliners. 


THESE VERSATILE FO) chur product 
/. 
RESET FORMS 
| 


FULL HEIGHT aT Ay 
BALCONY DIVIDERS CaP 
POST 
@6 cc 
Yo" PICKETS 
| @e6"cc 
BOTTOM 
TO FASCIA AT RUNNER 


ne 5 CAST IN LEG OF 
_/ EVERY OTHER TEE 


Architect: Leon Brin, A.1.A., Denver; General Contractor: 


another 


| structure 


22 


Norman Construction Co., Denver; 


Prestressed Concrete Fabricator: Prestressed Concrete of Colorado, Denver. 


Architect Leon Brin cites ‘acoustic comfort’ as a ‘sound’ reason 
why prestressed concrete was used in this Denver apartment 


The only thing we've added to Mr. Brin’s re- 
marks, quoted below, are italics. 


“My apartment owners know their tenants are 
demanding two features: generous balconies to 
accommodate their outdoor living requirements, 
and a sound-proof structure. 


“In this 20-unit apartment, the double cantilever 
balcony is easily achieved with the prestressed 
concrete deck. Further, the deck and the concrete 
topping eliminate the troublesome floor to floor 
sound transmission to provide tenants with the 
acoustic comfort they demand. 


“In addition, the deck becomes the scaffolding for 
the brick masons to work on each floor. The steel 
balcony railing is readily attached to the balcony 
angle iron fascia. (See detail above). With 
masonry bearing walls and the prestressed con- 
crete deck the structure is fireproof with no addi- 
tional treatment required. 


“The exposed tee sections provide an interesting 
beam effect within each room as well as from the 
exterior. Floor to floor heights were actually re- 
duced 8 to 10. inches by using 7 feet 4 inches to 
the bottom of the tee and 8 feet to the deck. 
Weather had no effect upon the erection or 


quality of the deck which was placed quickly 
and directly. 

“This construction has worked out so satisfac- 
torily that work is about to begin on a similar 
apartment building containing 36 units.” 


Roebling has been a strong partisan for prestressed 
concrete since its introduction into this country 
some fourteen years ago. The knowledge and ex- 
perience gained from this activity puts us in the 
favorable position of being able to share informa- 
tion and data on prestressed concrete’s different 
phases with you. 


Please do not hesitate to ask us about whatever 
particular aspect concerns or interests you. It may 
be design methods, tensioning details or informa- 
tion on the finest prestressing wire and strand 
available, as manufactured by Roebling. Just write 
Roebling’s Construction Materials Division, Tren- 
ton 2, New Jersey. 


ROEBLING 


Branch Offices in Principal Cities 
John A, Roebling's Sons Division 
The Colorado Fuel and Iron Corporation 


‘ 
2 FLAT TO #5 ‘ 
i= 
f 


